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About the Cover 





The Hummingbird is amazing. It’s incredibly fast, astonishingly energetic, and 
phenomenally efficient. 


It’s remarkably versatile--it can even fly backwards. It can survive in any kind of 
environment. 


And it’s a tough little bird that masters every challenge and easily out performs 
much bigger competitors. 


In fact, it’s so much like UICC and our products that we’ve adopted it as our 
mascot. 


So when you consider qualities like speed, efficiency, dependability, versatility, 
toughness, and top performance in a small package, remember the humming- 
bird...and UICC. 


Unitrode Integrated Circuits Corporation (U.1.C.C.) makes no representation that 
the use or interconnection of the circuits described herein will not infringe on 
existing or future patent rights, nor do the descriptions contained herein imply 
the granting of licenses to make, use or sell equipment constructed in accord- 
ance therewith. 


©1993, by Unitrode Integrated Circuits Corporation. All rights reserved. This 
book or any part or parts thereof, must not be reproduced in any form without 
permission of the copyright owner. 


NOTE: The information presented in this book is believed to be accurate and. 
reliable. U.I.C.C. reserves the right to make changes to the products contained 
in this databook to improve performance, reliability, or manufacturability. How- 
ever, no responsibility is assumed by Unitrode Corporation for its use. 


LIFE SUPPORT POLICY 


U.I.C.C.’s products are not authorized for use as critical components in the life 
support devices or systems without express written approval. 


Bus Boss™ is a trademark of Unitrode Corporation 

Miller Killer™ is a trademark of Unitrode Corporation 
MULTIWATT@ is a registered trademark of SGS Corporation 
Printed in U.S.A. - June, 1993 
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Introduction 


' Unitrode Integrated Circuits Corporation - U.I.C.C. - is a world leader in the 


design and manufacturing of high performance integrated circuits for power 


‘supplies, motor controls and power interface applications that demand high 


reliability, extraordinary quality and innovative technology. 


Backed by a linear design team that we consider the best in the industry, by a 
total quality process designed and driven by our employees, by state-of-the-art 
manufacturing facilities, by a dynamic spirit of innovation and by the countless 
number of Continuous Improvement Teams passionately dedicated to customer 
satisfaction - the Company provides outstanding products and services globally. 
U.I.C.C serves customers around the world from: 

e its recently expanded headquarters and principal manufacturing facility 

in Merrimack, New Hampshire; 


e its design center in Raleigh, North Carolina; 


e its extensive test, assembly subcontractor coordination and customer 
service facility in Singapore; 


e and from its European distribution, quality and customer service facility 
in ireiand. 


Process Capabilities | 
U.I.C.C.’s strengths include a number of production process capabilities that 
complement its design expertise and enhance its product offerings. 


lts BIPOLAR process, optimized for both precision analog and power functions, 
is constantly updated to incorporate leading edge process options such as: 


e Schottky and integrated injection peel 
e ion implant; : 
e thin film resistors with laser ifinarning) 


e double-level metallization for high density, high current layouts; 


e and buried zener reference.” 


Its BICMOS process is ideal for high density linear and mixed mode designs, 
especially where speed and low power are of primary importance. Process 
options include: ! 


a 2. -micron, Al-vwall process with d double poly: 


= aw Wes ewww "y) 


e double level metallization; 
e fully isolated, vertical NPN transistors; 
e and thin film resistors with laser trim capability. 


New process capabilities include a complementary bipolar process that dielec- 
trically isolates substrates using a low cost proprietary technique for direct 
bonding of silicon wafers. It is an extremely cost effective way of replacing 
junction isolation with dielectric isolation, leading to dramatic size reductions and 
performance enhancements unobtainable with conventional IC technologies. 


Many of U.I.C.C.’s new processes will be manufactured in its new Class 10 Wafer 
Fab that will be completed by mid-1993. 
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Introduction (Cont’d) 





An ISO 9001 Firm 
In October 1992, U.I.C.C. became one of the very few U.S. electronics 
companies to achieve IS/ISO 9001/EN29001 registration. 


The ISO 9000 quality system was developed to establish an international 
standard of quality. In order to be registered, a company must pass a rigorous 
assessment of its quality systems -- from design of its product through ship- 
ment. Registration thus assures customers all over the world that the company 
is adhering to very high, precisely defined standards. 


Meeting Demanding Market Needs 

In the development of custom and semi-custom parts, U.I.C.C. design engi- 
neers work very closely with customer personnel. This close cooperation 
assures that all requirements are accurately understood, that all possibilities 
are fully explored, and that the resulting products meet and exceed specified 
needs. 


U.I.C.C. pays careful attention to customers and markets to help guide its 
development of catalog parts. Continuing close contact makes it possible to 
anticipate industry requirements, and to create devices that will satisfy them. 


A Resource You Can Count On 

Unitrode Integrated Circuits Corporation has earned its reputation for excel- 
lence in computer, communications, automotive, industrial, commercial and 
military markets. It is totally committed to continuing that excellence in every- 
thing it does. 


With products and services that are among the most innovative in the industry, 
with proven quality and reliability, and with superb design engineering and the 
industry’s best applications technical support, U.I.C.C. is a resource you can 
depend on. 


This databook describes new as well as previously introduced products, and it 
includes detailed applications information. We welcome your inquiries about 
our products and services, and we look forward to working with you. 
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PART NUMBER INDEX PART NUMBER INDEX 
[PAGE __|PARTNUMBER|DESCRIPTION 


Push-Pull Four Channel Driver | | 5-62 UC1543 Power Supply Supervisory 
Push-Pull Four Channel Driver Circuit 
Dual Switchmode Solenoid Power Supply Supervisory 
Driver Circuit 
Dual Full-Bridge Power Driver Simple 1 Amp Step-Down 
Dual Full-Bridge Power-Driver Fixed Voltage Regulators 
1.5A, Three Terminal Adj. Simple 1 Amp Step-Down 
Voltage Regulator Fixed Voltage Regulators 
1.5A, Three Terminal Adj. Simple 1 Amp Step-Down 
Negative Voltage Regulator Fixed Voltage Regulators 
3A, Three Terminal Adj. Simple 1 Amp Step-Down 
Positive Voltage Regulator Voltage Regulator 
Micropower Quad Comparator Simple 3 Amp Step-Down 
Micropower Quad Comparator Fixed Voltage Regulators 
Micropower Quad Comparator Simple 3 Amp Step-Down 
Smart Power Transistor Fixed Voltage Regulators 
1.5A, Three Terminal Adj. Simple 3 Amp Step-Down 
Voltage Regulators Fixed Voltage Regulators 
1.5A, Three Terminal Adj. Simple 3 Amp Step-Down 
Negative Voltage Regulator Voltage Regulator 
3A, Three Terminal Adj. Simple Step-Up Fixed Voltage 
Positive Voltage Regulator Regulators 
Smart Power Transistor Simple Step-Up Fixed Voltage 
1.5A, Three Terminal Adj. Regulators 
Voltage Regulators Simple Step-Up Voltage 
1.5A, Three Terminal Adj. Regulator 
Negative Voltage Regulator Dual Schottky Diode Bridge — 
3A, Three Terminal Adj. Quad Schottky Diode Array 
Positive Voltage Regulator Dual Schottky Diode 
Smart Power Transistor Switchmode Driver for 3-0 
Advanced Regulating Pulse Brushless DC Motors 
Width Modulators Brushless DC Motor Controller 
Advanced Regulating Pulse Phase Locked Frequency 
Width Modulators Controller 
Advanced Regulating Pulse Phased Locked Frequency 
Width Modulators Controller 
Advanced Regulating Pulse Phased Locked Frequency 
Width Modulators Controller 
Stepper Motor Drive Circuit Switched Mode Controller for 
Advanced Regulating Pulse DC Motor Drive 
Width Modulators High Speed Power Driver 
Advanced Regulating Pulse Dual Output Driver 
Width Modulators Dual Channel Power Driver _ 
Regulating Pulse Width Dual Non-Inverting Power 














































5-62 UC1544 











5-67 UC1575-5 












5-67 UC1575-12 









5-67 





UC1575-15 









5-73 UC1575-ADJ 












5-80 UC1576-5 









5-80 UC1576-12 












5-80 UC1576-15 












5-87 UC1576-ADJ 









5-94 UC1577-12 












5-94 UC1577-15 









5-99 UC1577-ADJ 















6-26 & 5-106 
6-28 & 5-108 
6-31 & 5-111 
6-33 


UC1610 
UC1611 
UC1612 
UC1620 




















6-39 
6-50 


UC1625 
UC1633 












6-57 UC1634 





UC1635 






UC1637 











UC1705 
UC1706 


Modulators Driver _ 
Regulating Pulse Width Dual High-Speed FET Driver 
Modulators High Current FET Driver 
Regulating Pulse Width Dual Ultra High-Speed FET 
Monitor | Driver 
Regulating Pulse Width Stepper Motor Drive Circuit 
Modulator Isolated Drive Transmitter 
Regulating Pulse Width Isolated High Side FET Driver 
Modulators Isolated Drive Transmitter 
Regulating Pulse Width Isolated High Side IGBT Driver 
Modulators Thermal Monitor 


High Speed PWM Controller 
High Speed PWM Controller 
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PART NUMBER INDEX PART NUMBER INDEX 
[PAGE _—s|PARTNUMBER|DESCRIPTION. | [PAGE [PART NUMBER|DESCRIPTION 
§-119 {UC1823B High Speed PWM Controller i 5-245 Tucta6s Resonant-Mode Power Supply 
5-127 UC1824 | High Speed PWM Controller | Controllers | 
5-134 '}UC1825 High Speed PWM Controller 5-245 UC1866 Resonant-Mode Power Supply | 

5-119 UC1825A | High Speed PWM Controller Controllers 
5-119 UC1825B High Speed PWM Controller 9-245 UC1867 Resonant-Mode Power Supply 
5-141 UC1828 Current Mode PWM Controller os Controllers 
IC 5-245 UC1868 Resonant-Mode Power Supply 
5-142 {UC1832 Precision Low Dropout Linear Controllers | 
Se Controllers 5-251 UC1871 Resonant Fluorescent Lamp 
5-142 UC1833 Precision Low Dropout Linear Driver 
\ Controllers 5-256 ~(UC1875 Phase Shift Resonant 
5-149 UC1834 High Efficiency Linear Controller 
Regulator 5-256 UC1876 Phase Shift Resonant 
5-155 UC1835 High Efficiency Regulator Controller 
| Controller 5-256 | UC1877 Phase Shift Resonant 
5-155 —1UC1836 High Efficiency Regulator Controller 
7 Controller 5-256 UC1878 Phase Shift Resonant 
5-159 UC1838A Magnetic Amplifier Controller : Controller 
5-163 UC1840 Programmable, Off-Line, PWM| | 5-265 UC1891 Two Stage Power Factor 
Controller | Converter 
5-171 UC1841 Programmable, Off-Line, PWM| | 5-265 UC1892 Two Stage Power Factor 
| Controller Converter 
5-179 UC1842 Current Mode PWM Controller | | 5-265 UC1893 Two Stage Power Factor 
5-186 UC1842A Current Mode PWM Controller Converter 
5-179 UC1843 Current Mode PWM Controller | | 5-265 UC1894 Two Stage Power Factor 
5-186 UC1843A Current Mode PWM Controller Converter 
5-179 UC1844 Current Mode PWM Controller | | 5-269 UC1901 Isolated Feedback Generator 
5-186 UC1844A Current Mode PWM Controller | | 5-274 UC1903 Quad Supply and Line Monitor 
5-179 UC1845 ~ Current Mode PWM Controller | | 9-281 UC1904 Precision Quad Supply and 
5-186 UC1845A Current Mode PWM Controller | Line Monitor 
5-192 UC1846 Current Mode PWM Controller | | 9-286 UC1907 Load Share Controller 
5-192 UC1847 Current Mode PWM Controller | | 5-23 UC2524 Advanced Regulating Pulse 
5-199 UC1848 Average Current Mode PWM Width Modulators 
Controller 5-28 UC2524A Advanced Regulating Pulse 
5-207 UC1851 Programmable, Off-Line, PWM Width Modulators 
7 Controller 5-34 UC2525A Regulating Pulse Width 
5-213 UC1852 High Power-Factor Modulators 
Preregulator 5-41 UC2525B Regulating Pulse Width 
5-218 UC1854 High Power Factor Modulators 
Preregulator 5-47 UC2526 Regulating Pulse Width 
5-226 UC1854A Enhanced High Power Factor Monitor 
Preregulator 5-54 UC2526A Regulating Pulse Width 
5-226 UC1854B Enhanced High Power Factor Modulator 
Preregulator 5-34 UC2527A Regulating Pulse Width 
5-229 UC1856 Improved Current Mode PWM Modulators 
| Controller 5-41 UC2527B Regulating Pulse Width 
5-237 UC1860 Resonant Mode Power Supply Modulators 
Controller 5-62 UC2543 Power Supply Supervisory 
5-245 UC1861 Resonant-Mode Power Supply Circuit 
Controllers 5-62 UC2544 Power Supply Supervisory 
5-245 UC1862 Resonant-Mode Power Supply Circuit 
+ Controllers 5-67 UC2575-5 Simple 1 Amp Step-Down 
5-245 UC1863 Resonant-Mode Power Supply | Fixed Voltage Regulators 
Controllers 5-67 UC2575-12 Simple 1 Amp Step-Down 
5-245 UC1864 Resonant-Mode Power Supply Fixed Voltage Regulators 
Controllers 5-67 UC2575-15 Simple 1 Amp Step-Down 


*Consult Factory 


1-4 


Fixed Voltage Regulators 


PART NUMBER INDEX 







































5-73 UC2575-ADJ 
5-67 |UC2575HV-5 
5-67 UC2575HV-12 
5-67 UC2575HV-15 
5-73 UC2575HV-ADJ 
5-80 UC2576-5 
5-80 UC2576-12 
5-80 UC2576-15 
5-87 UC2576-ADJ 
5-80 UC2576HV-5 
5-80 UC2576HV-12 
5-80 UC2576HV-15 


5-87 UC2576HV-ADJ 


5-94 UC2577-12 
5-94 UC2577-15 
5-99 UC2577-ADJ 
6-50 UC2633 
6-57 UC2634 
6-61 UC2635 
6-65 UC2637 
7-11 UC2705 
7-14 UC2706 
7-19 UC2707 
7-37 UC2724 
7-40 UC2725 
7-44 UC2726 
7-49 UC2727 
7-55 UC2730 
5-113 UC2823 
5-119 UC2823A 
5-119 UC2823B 
5-127 UC2824 
5-134 UC2825 
5-119 UC2825A 
5-119 UC2825B 
5-141 UC2828 


[PAGE _ [PART NUMBER | DESCRIPTION 


Simple 1 Amp Step-Down 
Voltage Regulator 

Simple 1 Amp Step-Down 
Fixed Voltage Regulators 

Simple 1 Amp Step-Down 
Fixed Voltage Regulators 

Simple 1 Amp Step-Down 
Fixed Voltage Regulators 

Simple 1 Amp Step-Down 
Voltage Regulator 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Voltage Regulator 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Fixed Voltage Regulators 

Simple 3 Amp Step-Down 
Voltage Regulator 

Simple Step-Up Fixed Voltage 
Regulators 

Simple Step-Up Fixed Voltage 
Regulators 

Simple Step-Up Voltage 
Regulator 

Phase Locked Frequency 
Controller 

Phased Locked Frequency 
Controller 

Phased Locked Frequency 
Controller 

Switched Mode Controller for 
DC Motor Drive 

High Speed Power Driver 

Dual Output Driver 

Dual Channel Power Driver 

Isolated Drive Transmitter 

Isolated High Side FET Driver 

Isolated Drive Transmitter 

Isolated High Side IGBT Driver 

Thermal Monitor 

High Speed PWM Controller 

High Speed PWM Controller 

High Speed PWM Controller 

High Speed PWM Controller 

High Speed PWM Controller 

High Speed PWM Controller 

High Speed PWM Controller 

Current Mode PWM Controller 

iC 


































5-142 
5-142 
5-149 
5-155 
5-155 


5-159 
5-163 


5-171 
5-179 
5-186 
5-179 
5-186 
5-179 
5-186 
5-179 
5-186 
5-192 
5-192 
5-199 
5-207 
5-213 
5-218 
5-226 
5-226 
5-229 
5-237 
5-245 
5-245 
5-245 
5-245 
5-245 
5-245 
5-245 


5-245 
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UC2832 


UC2833 


UC2834 


UC2835 


UC2836 


UC2838A 
UC2840 


UC2841 
UC2842 
UC2842A 
UC2843 
UC2843A 
UC2844 
UC2844A 
UC2845 
UC2845A 
UC2846 
UC2847 
UC2848 
UC2851 
UC2852 
UC2854 
UC2854A 
UC2854B 
UC2856 
UC2860 
UC2861 
UC2862 
UC2863 
UC2864 
UC2865 
UC2866 
UC2867 


UC2868 


{Current Mode PWM Controller 


_|Average Current Mode PWM 


PART NUMBER INDEX 


Precision Low Dropout Linear 
Controllers 

Precision Low Dropout Linear 
Controllers 

High Efficiency Linear 
Regulator 

High Efficiency Regulator 
Controller 

High Efficiency Regulator 
Controller 

Magnetic Amplifier Controller 

Programmable, Off-Line, PWM 
Controller 

Programmable, Off-Line, PWM 
Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 


Current Mode PWM Controller 


Controller 

Programmable, Off-Line, PWM 
Controller 

High Power-Factor 
Preregulator 

High Power Factor 
Preregulator 

Enhanced High Power Factor 
Preregulator 

Enhanced High Power Factor 
Preregulator 

Improved Current Mode PWM 
Controller 

Resonant Mode Power Supply 
Controller 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply | 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 

Controllers 





PART NUMBER INDEX PART NUMBER INDEX 
[PAGE _—s|PARTNUMBER|DESCRIPTION ==] [PAGE ~—s |PARTNUMBER|DESCRIPTION 
5-251 UC2871 Resonant Fluorescent Lamp 6-33 Switchmode Driver for 3-9 
Driver Brushless DC Motors 
5-256 UC2875 Phase Shift Resonant 6-103 Switchmode Driver for 3-0 — 
Controller Brushless DC Motors 
5-256 UC2876 Phase Shift Resonant 6-107 Low Noise Switchmode Driver | 
Controller for 3-@ Brushless DC Motors 
5-256 UC2877 Phase Shift Resonant 6-39 Brushless DC Motor Controller 
| Controller — 6-50 Phase Locked Frequency | 
5-256 UC2878 Phase Shift Resonant Controller 
Controller 6-57 Phased Locked Frequency 
5-265 UC2891 © Two Stage Power Factor Controller 
| Converter 6-61 Phased Locked Frequency 
5-265 UC2892 Two Stage Power Factor Controller 
Converter 6-65 Switched Mode Controller for 
5-265 UC2893 Two Stage Power Factor DC Motor Drive 
Converter 6-110 Low Saturation, Linear 
5-265 UC2894 Two Stage Power Factor Brushless DC Motor Driver 
Converter 7-61 Triple Tri-State Power Driver 
5-269 _ {UC2901 lsolated Feedback Generator 7-65 Bridge Transducer Switch 
5-274 ~ |UC2903 Quad Supply and Line Monitor | | 7-11 High Speed Power Driver 
5-281 UC2904 Precision Quad Supply and 7-14 Dual Output Driver 
7 Line Monitor 7-19 Dual Channel Power Driver 
5-292 UC2906 Sealed Lead-Acid Battery 7-25 Dual Non-Inverting Power 
Charger Driver 
5-286 UC2907 Load Share Controller 7-29 Dual High-Speed FET Driver 
7-59 UC2950 Half-Bridge Bipolar Switch 7-32 High Current FET Driver 
6-79 UC3173A . Full Bridge Power Amplifier 7-35 Dual Ultra High-Speed FET 
6-89 UC3174B | Full-Bridge Power Amplifier . Driver 
6-89 UC3175B . Full-Bridge Power Amplifier 6-71 | Stepper Motor Drive Circuit 
6-94 UC3176 Full Bridge Power Amplifier 6-115" Stepper Motor Drive Circuit 
6-94 UC3177 Full Bridge Power Amplifier r Five-Channel Programmable 
6-98 UC3178 Full Bridge Power Amplifier Current Switch 
6-19 UC3517 Stepper Motor Drive Circuit 7-37 Isolated Drive Transmitter 
5-23 UC3524 Advanced Regulating Pulse 7-40 Isolated High Side FET Driver 
Width Modulators 7-44 Isolated Drive Transmitter 
5-28 UC3524A Advanced Regulating Pulse 7-49 Isolated High Side IGBT Driver 
Width Modulators 7-55 Thermal Monitor 
5-34 UC3525A Regulating Pulse Width 6-123 High Performance Stepper — 
Modulators Motor Drive Circuit 
5-41 UC3525B Regulating Pulse Width 6-123 High Performance Stepper 
Modulators Motor Drive Circuit 
5-47 UC3526 Regulating Pulse Width 5-113 High Speed PWM Controller 
Monitor 5-119 High Speed PWM Controller 
9-54 UC3526A Regulating Pulse Width 5-119 High Speed PWM Controller 
: . Modulator 5-127 High Speed PWM Controller 
5-34 UC3527A Regulating Pulse Width 5-134 High Speed PWM Controller 
: 7 Modulators 5-119 High Speed PWM Controller 
5-41 UC3527B Regulating Pulse Width 5-119 High Speed PWM Controller 
Modulators 5-141 Current Mode PWM Controller 
5-62 UC3543 Power Supply Supervisory IC 
| . Circuit 5-142 Precision Low Dropout Linear 
5-62 UC3544 Power Supply Supervisory Controllers 
Circuit | 5-142 Precision Low Dropout Linear 
6-26 & 5-106 | UC3610 Dual Schottky Diode Bridge Controllers 
6-28 & 5-108 |UC3611 Quad Schottky Diode Array 5-149 High Efficiency Linear 


6-31 & 5-111 |UC3612 
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Dual Schottky Diode 


Regulator 
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[PAGE _ [PART NUMBER|DESCRIPTION 
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High Efficiency Regulator 
Controller 

High Efficiency Regulator 
Controller 

Magnetic Amplifier Controller 
Programmable, Off-Line, PWM 
Controller 

Programmable, Off-Line, PWM 
Controller 

Current Mode PWM Controller 
Current Mode PWM Controller 

Current Mode PWM Controller 
Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

Average Current Mode PWM 
Controller 

Programmable, Off-Line, PWM 
Controller 

High Power-Factor 
Preregulator 

High Power Factor 
Preregulator 

Enhanced High Power Factor 


Preregulator 

Enhanced High Power Factor 
Preregulator 

Improved Current Mode PWM 
Controller 

Resonant Mode Power Supply 
Controller 


Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant-Mode Power Supply 
Controllers 

Resonant Fluorescent Lamp 
Driver 

Phase Shift Resonant 
Controller 

Phase Shift Resonant 
Controller 
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PART NUMBER INDEX 
PAGE _—|PARTNUMBER|DESCRIPTION 


Phase Shift Resonant 
Controller 

Phase Shift Resonant 
Controller 

Two Stage Power Factor 
Converter 

Two Stage Power Factor 
Converter 

Two Stage Power Factor 
Converter 

Two Stage Power Factor 
Converter 

Isolated Feedback Generator 
Quad Supply and Line Monitor 
Precision Quad Supply and 
Line Monitor 

Sealed Lead-Acid Battery 
Charger 

Load Share Controller 

Octal Line Driver 

Octal Line Driver 

Octal Line Driver 

Octal Line Receiver 

Octal Line Receiver 

SCSI Active Terminator 

SCSI Active Terminator 

9-Line SCSI Active Terminator | - 
Ethernet Coaxial Impedance 
Monitor 

Primary Side Controller 

Error Signal lsolator 

Primary Side Controller 

Three Terminal Fixed Voltage 
Positive Regulators 

Three Terminal Fixed Voltage 
Positive Regulators 

Three Terminal Fixed Voltage 
Positive Regulators 

Three Terminal Fixed Voltage 
Negative Regulators 

Three Terminal Fixed Voltage 
Negative Regulators 

Three Terminal Fixed Voltage 
Negative Regulators 

Precision Adjustable Shunt 
Regulator 

Precision Analog Controller 

Precision Adjustable Shunt 
Regulator 

Precision Analog Controller 

Precision Adjustable Shunt 
Regulator 

Precision Analog Controller 

Low Power Pulse Width 
Modulator 

Low-Power BiCMOS 
Current-Mode PWM 











PART NUMBER INDEX PART NUMBER INDEX 
[PAGE __—s«[PARTNUMBER|DESCRIPTION ss] [PAGE ~—s |PART.NUMBERIDESCRIPTION 
5-319 UCC1801 Low-Power BiCMOS . UCC2810 Low-Power BICMOS Dual ~ 
— Current-Mode PWM Current-Mode PWM 
5-319 UCC1802 Low-Power BiCMOS UCC283-0 {Low Drop Out 3 Ampere 
Current-Mode PWM Linear Regulator Family 
5-319 UCC1803 Low-Power BICMOS UCC283-3 Low Drop Out 3 Ampere 
Current-Mode PWM Linear Regulator Family 
5-319 UCC1804 Low-Power BiCMOS UCC283-5 Low Drop Out 3 Ampere 
Current-Mode PWM . Linear Regulator Family 
5-319 UCC1805 Low-Power BiCMOS UCC2883 Micropower Peak Current 
Current-Mode PWM Mode Controller 
5-323 UCC1806 Low Power, Dual Output, UCC2885 Micropower Secondary 
| Current Mode PWM Controller Regulation IC — 
5-326 UCC1810 Low-Power BiCMOS Dual UCC3570 Low Power Pulse Width 
Current-Mode PWM Modulator 
5-309 UCC183-0 Low Drop Out 3 Ampere UCC3800 Low-Power BiCMOS 
| Linear Regulator Family Current-Mode PWM 
5-309 UCC 183-3 Low Drop Out 3 Ampere UCC3801 Low-Power BICMOS 
Linear Regulator Family Current-Mode PWM 
5-309 UCC183-5 Low Drop Out 3 Ampere UCC3802 Low-Power BiCMOS 
| Linear Regulator Family Current-Mode PWM 
5-327 UCC1883 Micropower Peak Current UCC3803 Low-Power BICMOS 
Mode Controller Current-Mode PWM 
5-337 UCC1885 Micropower Secondary UCC3804 Low-Power BiCMOS 
| Regulation IC Current-Mode PWM 
5-312 UCC2570 Low Power Pulse Width UCC3805 Low-Power BiCMOS 
Modulator Current-Mode PWM 
5-319 UCC2800 Low-Power BICMOS UCC3806 Low Power, Dual Output, 
Current-Mode PWM Current Mode PWM Controller 
5-319 UCC2801 Low-Power BiCMOS UCC3810 Low-Power BiCMOS Dual 
Current-Mode PWM Current-Mode PWM 
5-319 UCC2802 Low-Power BiCMOS UCC383-0 Low Drop Out 3 Ampere 
Current-Mode PWM Linear Regulator Family 
5-319 UCC2803 Low-Power BICMOS UCC383-3 Low Drop Out 3 Ampere 
Current-Mode PWM Linear Regulator Family 
5-319 UCC2804 Low-Power BiCMOS UCC383-5 | Low Drop Out 3 Ampere 
Current-Mode PWM Linear Regulator Family 
5-319 UCC2805 Low-Power BICMOS UCC3883 Micropower Peak Current 
Current-Mode PWM Mode Controller 
5-323 UCC2806 Low Power, Dual Output, UCC3885 Micropower Secondary 
Current Mode PWM Controller Regulation IC 


*Consult Factory 
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ABOUT THIS 
DATABOOK 


PRODUCT CLASSIFICATION STATUS 




















Formative or 
Design 


This document contains the design 
specifications for product under 
development. Specifications may be 
changed in any manner without 
notice. 





First Production Supplementary data may be 
published at a later date. U.I.C.C. 
reserves the right to make changes at 
any time without notice, in order to 
improve design and supply the best 


product possible. 


Full Production Product in Full Production | 


This databook contains complete data and applications information about 
Unitrode Linear Integrated Circuits for industrial and military applications. It 
includes all our latest new products including products that will be introduced 
throughout the year 1993. 





For more information about any new products or any of U.I.C.C. service 
capabilities, please call, write or fax. 
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PART NUMBER DESIGNATORS 










PREFIX .: 
“UC” Linear 
Integrated 
Circuits 


PART NUMBER 
*Generic P/N’s (See Data 
Sheets For Descriptions) 
*5 Digit In-House Number To 
Spec. Control Drawings 


OPTIONAL GRADES 
A - Improved Version 
C- “Commercial ” Temperature Range 














e 


Gomme Compliant “C” Indicator 
Per MIL-STD-883. 


883 - MIL-STD-883 
Class B 

JAN - MIL-M-38510 
(Integrated Circuits) 

SMD - STD Military Drawing 
(DESC) 


* PACKAGE OPTIONS 


SOTO O COO OU OOOOH ORONO 


Plastic Molded Dip 




















Glass-Sealed Ceramic DIP 


14 Pin Narrow Body SO (150 mL) 


| | | | SARA 


16 Pin Narrow Body (150 mL) Power SO 






16/20 Pin Wide Body 
SO Surface Mount (300 mL) 


28 Pin Wide Body Power SO 
Ceramic Leadless Chip Carrier 
Plastic Molded Quad PLCC 

15 Pin Power SIP 

TO-39 Metal Can 

TO-3 Steel-Base Power 

TO-220 Plastic Power 

Ceramic Power 

TO-257 Hermetic (TO-220 Style) 
TO-257 Hermetic isolated Tab , 
16 Pin Power ZIP 


For More Information See Packaging Section 
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QUALITY STATEMENT 


Since its founding, Unitrode Integrated Circuits Corp. (U.I.C.C.) has struc- 
tured its development to fully respond to customer requirements in areas of 
quality and overall product assurance, with particular emphasis on en- 
hanced design and reliability. 


As part of its total quality planning, U.I.C.C. has progressed through the tra- 
ditional techniques of control by appraisal to a more mutually satisfying 
Statistically based process monitoring. However, immature process nodes 
may still require the use of universally accepted sampling plans, such as 
those referenced in MIL-STD-105 and MIL-M-38510. 


UNITRODE INTEGRATED CIRCUITS REGISTERED AS 
ISO 9001 FIRM (Registration Number M667) 


In the fall of 1992, Unitrode Integrated Circuits Corporation (U.1.C.C.) an- 
nounced that it achieved IS/ISO 9001/EN 29001 Registration. Adopted in 
1987 by the International Organization for Standardization in Geneva, Swit- 
zerland, the !SO 9000 quality system was developed in order to establish an 
international standard of quality systems--from design of its product through 
shipment. Therefore, when a firm is registered to meet ISO 9000, customers 
all over the world are assured that the firm is adhering to very specific qual- 
ity standards. 


U.1.C.C. attributes the ISO 9001 achievement in great part to its Total Quality 
Excellence (TQE) process, designed entirely by a team of employees repre- 
senting all levels of the organization. The theme of U.1.C.C.’s quality 
program, “Building Customer Loyalty”, focuses on internal and external cus- 
tomer satisfaction. 








nal 
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Quality 


TOTAL QUALITY EXCELLENCE 


Akey element of the Company’s strategy and an important factor in its suc- 
cess has been its focus on customer satisfaction. Everything the Company 
does is aimed at providing its customers with the highest possible levels of 
quality, reliability and technical support. 


Quality, Reliability and Innovation 


Quality and reliability are the hallmarks of all U.I.C.C. products - standards 
of excellence are woven tightly into the Company’s corporate fabric, imple- 
mented through a Total Quality Excellence process which permeates 
everything the Company does. 


Total Quality Excellence - TQE - impacts each and every department, each 
and every activity, and each and every product — from initial concept to end- 
use installation and operation. 


Continuous Improvement 


The aim of the TQE process is continuous improvement — it is a never end- 
ing search for ways to improve everything the Company is and does, and a 
pledge to ultimately translate improvements into better products and serv- 
ices for customers. For example, goals include: 


e improved designs that meet the broadest spectrum of application needs; 


e improved translation of customer requirements into actual product 
performance characteristics; 


e improved understanding of process capabilities to improve the product 
introduction process; 


e higher productivity, less scrap and rework, and lower production costs, all 
which can be passed along to customers. 


Employee Teams 


To make continuous improvement a reality, through total involvement, there 
are more than 20 employee teams focused on product, process and service 
improvement. Using Statistical Process Control methods as the quantitative 
tools to facilitate the process, these teams help make it possible for the Com- 


pany to attain the milestones on the road of continuous improvement. 
The entire process was put together and is now operated by the employees; 


its initial structure was developed by an employee team; issues are identi- 
fied by staff members and teams are formed by those who feel thay can 
make a contribution to the effort. 


The concern for quality extends beyond the Company itself. Total Quality Ex- 
cellence includes suppliers as well as U.I.C.C. employees. In fact, U.I.C.C. 
provides a TQE education program for vendors’ personnel. Again, the focus 


is on the customer — the improvement of products and services in any and 


all ways possible. 
A Living Process 


TQE is a flexible, living process that was created and has been nurtured by 
the people who are the Company. It is an expression of their drive to be the 
best. 


And for U.I.C.C. customers, it is an assurance of superior products; de- 
signed, made, sold and supported by people who care about them. 
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Process improvement has become an aggressive daily pursuit in manufac- 
Qualit turing. Just meeting specification is no longer good enough. U.1.C.C.’s goal 
ualily is to achieve a 6c process. 


Simply; many benefits to the customer have been realized in the form of on- 
time-delivery, superior quality and unprecedented levels of sustained 
reliability. Organizationally, a “total commitment” to quality has manifested 
itself in the form of: 


e Improved customer satisfaction 

e Improved designs 

e Known process capabilities 

e Increased yields 

e Improved product flow 

e Reduction in quality costs such as scrap and rework 
e Prevention orientation and quality consciousness 

e Reduction in operating costs 


U.I.C.C.’s unique self-auditing approach makes certain quality ownership is 
an intrinsic part of the manufacturing community with no one faction having 
full responsibility. Documentation at U.I.C.C. has been developed to truly re- 
flect a “Real Time” status through master matrixing and planning whereas 
design, fabrication, assembly and test and their many detailed process 
steps are tied together relationally. 


Reliability assurance at U.I.C.C. has specific goals to demonstrate product 
reliability of the various functional families that make up this primarily bipo- 
lar product base. It is important to note the existence of feedback to design 
and process engineering that ensures all products receive continuing re-- 
views, thus enhancing even the most mature family of products. 
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QUAL/QCI FLOW FOR JANB, 883B 
MIL-STD-883 METHOD 5005 


GROUP A ELECTRICALS 
-55°, +25°, +125°, +150°C 





GROUP B 


SUBGROUP 2 
Resistance To Solvents 


SUBGROUP 3 
Solderability 


SUBGROUP 5 
Bond Strength 





GROUP C 


SUBGROUP 1 
Steady State Life 


End Point Electricals 





Note: Unitrode Integrated Circuits also performs 
testing to source control drawings for Class S 
devices in accordance with MIL-STD-883 
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GROUP D 


‘SUBGROUP 1 
Physical Dimensions 


SUBGROUP 2 
Lead Integrity 
Seal (Fine And Gross) 


SUBGROUP 3 
Thermal Shock 
Temperature Cycling 
Moisture Resistance 
Seal (Fine And Gross) 
Visual Examination 
End Point Electricals 


SUBGROUP 4 

Mechanical Shock 

Vibration, Variable Frequency 
Constant Acceleration 


Seal (Fine And Gross) 
Visual Examination 

End Point Electricals 
SUBGROUP 5 

Salt Atmosphere 

Seal (Fine and Gross) 
Visual Examination 
SUBGROUP 6 
Internal Water Vapor Content 
SUBGROUP 7 
Adhesion of Lead Finish 
SUBGROUP 8 


Lid Torque 





GROUP E 
RADIATION HARDNESS ASSURANCE 
(WHEN APPLICABLE) 


SUBGROUP 1 
Neutron Irradiation 
End Point Electricals 


SUBGROUP 2 


Steady State Total Dose Irradiation 
End Point Electricals 


SUBGROUP 3 
Transient lonizing Irradiation 
End Point Electricals 
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QUALIFICATION FLOW FOR COMMERCIAL - INDUSTRIAL DEVICES 


Non-Hermetic 


SUBGROUP 1 
Group A Electricals -40°, 0°, +25°, 
+70°, +85° C, Visual Exam 


SUBGROUP 2 
Humidity Life (85°C/85%"") 
1000 Hours 

Post Electricals 


SUBGROUP 3 
Temperature Cycling (1000 Cycles) 
Post Electricals 


SUBGROUP 4 
Thermal Shock (500 cycles) 
Post Electricals 


SUBGROUP 5 
Autoclave 96 Hours 
2 Atmospheres 
Post Electricals 


SUBGROUP 6 
Electrostatic Sensitivity Discharge 
Post Electricals 


Hermetic 


SUBGROUP 1 
Group A Electricals -55°, +25°, +125°C, 
Visual Exam 


SUBGROUP 2 

Thermal Shock (500 Cycles) 
Seal (Fine and Gross) 

Post Electricals 

External Visual 


SUBGROUP 3 

Temperature Cycling (1000 Cycles) 
Seal (Fine and Gross) 

Post Electricals 

External Visual 


SUBGROUP 4 
Steady State Life 
1000 Hours 


SUBGROUP 5 
Constant Acceleration 
Seal (Fine and Gross) 
Post Electricals 


SUBGROUP 6 
Electrostatic Sensitivity Discharge 
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Should failure occur either in the field or during the course of reliability testing, 
; in-depth failure analysis is performed to identify and understand the failure 
Quality mechanism(s) involved. Immediate feedback to design or process for the pur- 
pose of corrective action is systematically accomplished. 


Levels of long-term device reliability, through the accumulation of millions of 
hours of testing at accelerated temperatures have demonstrated 15 fit or 
lower failure rates within a functional family. With the ever-growing demand 
for greater system reliability, this is a major factor. 


U.1.C.C. has planned and developed reliability goals for the decade of the 
90’s that realistically test the technology. 









UNITRODE 
RELIABILITY ASSURANCE 





RELIABILITY REPORTING: Failure Rates/Dev. 
Hours/Functional Families %/1000 Hours and FIT 






FUNCTIONAL FAMILY: 1) Controllers 
2) Drivers 
3) Support Functions 








Data Generation e Steady-State Life e Temperature Cycling e 85/85 e Autoclave e 
High Temperature Storage « Hermeticity e Thermal Shock e Mechanical Shock and Vibration « 
| PIND e Device Specific Tests e QuaV/QCI 
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New Quality Products from U.I.C.C. 


PULSE WIDTH MODULATORS 











Part Number Description Page Number 
UCC3570 High Performance Voltage Mode PWM ....................00005 5-312 
UCC3802 High Frequency BICMOS PWM 3842 Type.................008 5-319 
UCC3803 High Frequency BICMOS PWM 3842 Type.................006 5-319 
UCC3804 High Frequency BICMOS PWM 3842 Type.................008 5-319 
NEW PRODUCT UCC3805 High Frequency BICMOS PWM 3842 Type................008 5-319 
UCC3806 High Frequency BICMOS PWM 3846 Type................000 5-323 
UCC3810 Dual-BIGMOS: PWM vicccckccceintiiersnetcccisoenscaeoesvaresscecevs 5-326 
UC3824 Complementary Output UC1825 0.000... eeeeeeeeeeeeees 5-127 
UC3828 Enhanced Current Mode PWM ..............:ccccccccsessssceseesenes 5-141 
UC3848 Average Current Mode PWM.................cssccccessseseesssreeeeees 5-199 
UCC3856 High Performance Current Mode PWM ..............cc0:ccesees 5-229 
UCC3883 ISDN Micro Power PWM.............ccccccccsssseseseseeeeesusceseeseees 5-327 
UCC3885 ISDN Micro Power PWMM...............cccccccsssssnsscceeseceesseseensees 5-337 
RESONANT CONTROLLERS | 
Part Number Description Page Number 
UC3866 ZVS Resonant Controller ..........ccceceececcssscccesececeesseseeees 5-245 
NEW PRODUCT UC3875 Phase Shift Resonant PWM... cccccessecscssseseeenes 5-256 





SPECIAL FUNCTION CIRCUITS 





Part Number Description Page Number 
, UC3612 Dual Schottky Diode Array ............cccccsssssssceceesseceees 5-111, 6-31 
NEW PRODUCT UC3852 Electronic Ballast Power Factor ........... ee ceesesceeseeeeseeees 5-213 
UC3871 Fluorescent Lamp Drivel ................:cccccsssssersecestseeeceeeeseees 5-251 
UC5661 Ethernet Coaxial Impedance Monitor................ccccceseeeeees 7-101 


Note: Only commercial part numbers are indicated - see military section for military 
versions 
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New Quality Products from U.I.C.C. 





MOTOR CONTROLLERS/DRIVERS 





Part Number Description | Page Number 

— UC3173A -45A Voice Coil Motor Drivel..............c:cccsssscssscesessesssseseeeees 6-79 

_ UC3175B 8A Voice Coil Motor Driver.........ccssscssesesesessssesseesseseeseses 6-89 

UC3178° .45A Voice Coil Motor Drivel.........cccccscseessseessssesees wss6-98 

UC3612 Dual Schottky Diode Array........... t fataeiesia eeaeutats 5-111, 6-31 

UC3726 IGBT Driver - Primary ............:cccccssssccesesssccececssessseceseaees save 1-44 
UC3727 IGBT Driver - S@CONGALY..........ccssssesscssscsssscessccsseseeseeseeeees 7-49 












INTERFACE CIRCUITS 

Part Number Description Page Number 
NEW PRODUCT UC5171 Modified Octal Single Ended Line Driver... eee 7-73 
UC5172 Enhanced Octal Single Line Driver.................cccsscesseeceeeees 7-77 
. UC5601 18 Line SCSI-2 Active Terminator .............:::cccccesssssecessesees 7-87 
UC5602 Versatile 18 Line SCSI Active Terminator................cc00000. 7-91 
UC5603 9 Line SCSI-2 Active Terminator ...............:ccccsccccessseeessnees 7-96 
UC5661 Ethernet Coaxial Impedance Monitot...............:.:ccccesseeeees 7-101 

HIGH POWER DRIVERS 
| Part Number Description Page Number 
NEW PRODUCT UC3724 Isolated Drive Transmitter...............ccc:cccccessssessseecscessseeeseees 7-37 
UC3725 Isolated High Side Driver ..............c:ccccccecsesssssercececsseeeeeseess “40 
UC3726 IGBT Driver - Primary Side ...............cccccsssseseseessnesseesseeeseans 7-44 
UC3727 IGBT Driver - Secondary Side ................cccccsssssseeceesseeeeeens 7-49 
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POWER SUPPLY SUPPORT CIRCUITS 







Part Number Description Page Number 
UC19431 Shunt Precision Reg./Opto Driver..............:.:1:::::c:c cee 5-301 
NEW PRODUCT UC19432 Versatile Shunt Precision Reg./Opto Drivert..................0. 5-306 
UC2575 1A Fixed or Adjustable Buck Converter................... 5-67, 5-73 
UC2576 3A Fixed or Adjustable Buck Converter.................. 5-80, 5-87 
UC2577 1A Fixed or Adjustable Boost Converter................... 5-94, 5-99 
UC3612 Dual Schottky Diode Array..............ccccsssesseceeseneeees 5-111, 6-31 
UCC183-0,-3,-5 Low Drop Out CMOS Regulators .......... eee eeeeeeeeeeeeees 5-309 
UC3854A Enhanced UC3854 Power Factor.........cccccccccssccccecsessssnees 5-226 
UC3891 Two Stage Power Factor Converter ............cccccccesssreeeees 5-265 
UC3904 Enhanced Quad Output and Line Monitor ....................00 5-281 
UC3907 Load Sharing Controller.............cccccccssscecssssecseeessseseeesseees 5-286 
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PACKAGE CROSS-REFERENCE CHART 
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DESCRIPTION 


Unitrode Integrated Circuits Com., U.1.C.C., offers most 
of its products described in this data book in die and/or 
wafer form. Products include all Pulse Width Modulators 
(PWMs), Motor Controls, Low-Drop Regulators, fixed, 
and adjustable industry standard Voltage Regulators, 
Power Drivers and Switches, Active Terminators, and 
Special Function Circuits. Most U.I.C.C. products are 
designed with military temperature range operation capa- 
bility. 

U.I.C.C. die utilize linear bipolar technology featuring tight 
beta control and resistor matching techniques. Also, other 
enhancements used implement thin film resistor and 
Schottky process, as well as in-house epitaxial capability 
for unique voltage flexibility. All products are protected by 
CVD Oxide plus Nitride layers to make a sandwich pas- 
sivation system that offers superior coverage over all 
junctions. 


Die thicknesses vary by product type, however, they fall 
into the catagories; 12 mils + 1 mil, or 15 mils + 1 mil. 
Interconnects are an alloy of copper (2%) and aluminum 
(to reduce possibility of metal migration). Backside met- 
allization is Titanium - Nickel - Silver, suitable with various 
common eutectic and thermal epoxy mount- down tech- 
niques used today. 


TESTING 

All products are tested at two separate points. 1) In-line 
probing and 2) Final test probing. 

Final test probe utilizes state-of-the-art high speed/power 
ATE equipment. Die are 100% tested to low power DC 
limits. 

INSPECTION 

U.1.C.C. performs visual inspections on military grade die 
to MIL-STD-750B, Method, 2072 and to MIL-STD-883C 
Method 2010, condition A or B, or to customer supplied 
requirements. 


Die can be supplied in "waffle pack" or single wafer form. 
Standard wafers are 100 mils (generic 4 inch diameter). 


ORDERING INFORMATION 


PARTNUMBER = UCXXXX: CHIP WER 
i 

CHIP ORDER 
+ 

WAFER ORDER 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. ¢ MERRIMACK, NH 03054 
TEL (603) 424-2410 « FAX (603) 424-3460 
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MILITARY/AEROSPACE PRODUCTS 


JAN PRODUCT LINE 


U.1.C.C. has been committed to producing military/aerospace and high reliabil- 
ity products for several years and continues to support this key market segment. 
Our product offering includes: 


e STANDARD MILITARY DRAWING (SMD) - Conformance to Class B 
process requirements per the SMD selected item drawings. 


e SCD-CLASS S - conformance to all Class S process requirements of 
MIL-STD-883 and individual customer source control documents. 


e SCD - CLASS B - Conformance to Class B process requirements of 
MIL-STD-883 and individual customer source control documents 


e JAN-LEVEL B - full compliance to MIL-M-38510 JAN program and QPL 
listings as published by DESC. 


U.I.C.C. has had DESC facility certification continuously since November 1985. 
This certification allows us to produce JAN Class B linear microcircuits for the 
military marketplace. _ 


U.I.C.C. has been a leader in producing linear ICs to customers’ Class S 
specifications for the last several years. Our abilities in the area include all 
processing standards of Class S, as well as an extensive library of radiation 
data on our most popular devices. Our superior design support and customer 
service make us the best choice for customers with Class S requirements. 


Unitrode Integrated Circuits Corporation presently has DESC line certification 
to MIL-M-38510 to produce Jan Class B linear microcircuits. Unitrode is the 
originator of the 702 current mode PWM slash sheet (UC1846/UC1847) and 
in January of 1990 received JAN qualification. 


In a continued effort to meet and produce the highest military grade devices, 
Unitrode Integrated Circuits reviews all existing slash sheets applicable to our 
product base in the effort to either add device types or develop new slash sheets 
for industry use. 


Unitrode Integrated Circuits also has lab suitability to perform MIL-STD-883 
method 5004 and.5005 screening/QUAL/QCI issued by DESC, with the excep- 
tion of internal water vapor content and vibration variable frequency. In addition 
we have full self-auditing programs to ensure compliance to all specifications. 
Our SPC program has enhanced the process of all product through continuous 
improvement teams whose purpose is to reduce variation in the process. 


Unitrode Integrated Circuits is committed to producing military grade linear 
monolithic devices in full compliance to MIL-M-38510. MIL-STD-883, SMD and 
SCD requirements and at all times focusing on quality and reliability enhance- 
ments. 
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STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.I.C.C. 
AS AN APPROVED SOURCE OF SUPPLY 


3 


*Consult factory for availability 5 
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STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.I.C.C. 
AS AN APPROVED SOURCE OF SUPPLY (Cont’d) 
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Negative 12V Reg. 

Negative 15V Reg. 

Negative 15V Reg. 
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“Consult factory for availability 
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STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.I.C.C. 
AS AN APPROVED SOURCE OF SUPPLY (Cont'd) 









1544J/883BC Power Supply Supervisory 5962-8774002VA 


























Magnetic Amplifier Circuit 
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PACKAGE AVAILABILITY 


TO-257 Non-lsolated 


TO-257 |solated 


Ceramic DIL 
8-pin 
14-Pin 
16-Pin 
18-Pin 


Side-Brazed 
16-pin 


eramic Leadless 
Carrier (CLCC 





*Consult factory 


NOTES: 

. This data is Junction to Tab 
. Junction to Bottom Plate 
With finned heat sink 
. Junction to top plate 
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Military/Aerospace Products 


Military Die Capability 

Unitrode’s military product offering includes all catalog circuits in unencapsulated form. Unencapsulated (chips) are 
supplied screened to MIL-STD-883B, method 2010, conditional A or B. Product is electrically tested at ambient room 
temperature. Shipment of this product is in individual waffle packs or as complete wafers. 


Radiation Tolerant Products 

Unitrode recognizes the increasing market demand for radiation tolerant and radiation hardened high reliability products. 
Because of this, we - in conjunction with customers - have characterized our key products. Full radiation data reports 
are available on the following products. 












UC1524A UC7805 UC1711 
UC1526 UC7905 UC1707 














UC1843 : : 
UC1844 UC1834 


UC1845 UC1 835/36 


Below is a summary of radiation data U.1.C.C. has collected: 
olar Junction Isolated Process 











or 
ee 


E 












Note: Radiation levels represented are from independent customer test results. 
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A Dedication to Automotive Customers 
Unitrode Integrated Circuits is a leader in innovative analog circuits that meet 
the needs of advanced automotive applications. The circuits presented in this 
section are used in numerous automobile applications including: systems 
multiplexing, electric vehicles, HID lighting, instrumentation, motor con- 
trols, fuel management and airbag systems. 


Unitrode is committed to the rigorous requirements of automotive customers. 
Utilizing a Total Quality Management (TQM) program based on the Baldridge 
Mecca Peoraluaellt customer satisfaction is achieved. The TQM program includes 










dvanced Technologies \,. 
f n order to maintain our leadership postion 1 





automotive market. 


pelanee: 





4-4 


INTEGRATED 
CIRCUITS 


gee UNITRODE 


Automotive Products 


Power Management 


E> —UCC2802,3,4,5 


Low Power BiCMOS 
(Current Mode) PWM 


e 100A typical starting supply 
current 


e 500A typical operating supply 







UC2842,3,4,5 
Current Mode PWM cde Lelie 




















® Automatic feed forward 
Rompenesien 





e Internal soft start 


. © Internal leading edge blanking of 
“s, the current sense signal 



















UC2846 
Current Mode PWM Controller 


° Programmable 'Pulse- a -Pulse 
current limiting gy 







High Speed PWM Controller 


° Compatible with voltage or current 
mode topologies 


e 50ns propagation delay | to output 





e Automatic symmetty correction in 
push-pull configuration 





e Enhanced load response 
characteristics : 


e Parallel operation capability 





UC2854 
High Power-Factor Preregulator 


e Control boost PWM to 99 power 
factor 


e Limit line current distortion to <5% 


UC2852 
High Power-Factor Preregulator 
e Low cost power factor correction 


e Power factor >.99 
e Few external parts required 
















e World-wide operation without 
switches 


e Feed forward line regulation 


e Zero current switching 


For more information on these products, refer to detailed data sheets. : 
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Power Management 













==> —-« UCC2806 UC2575 
Low Power Benes PWM Step-Down Voltage Regulator 
ee. e SV output, +3% max over line 





and load conditions 





e Guaranteed 1A output current 
e Voltage range 7V to 40V 






e 4 external components required 






e 2.5V precision reference 














JC2576 
Easy Switcher 1 Amp Step 
Down Voltage Regulator 


e Adjustable output, reference 
voltage + 2% max overdine and 
load conditions * 










Low Drop C Out ah Positive 
Regulator | 


° Precision: positive series pass 
voltage regulation 


e 0.45V Drop ¢ ut @; BA : 
© Drop out undet 2mv @ 
















e Wide input and ae J vottage 
range 4 





e Low power standby mode, 
Iq typically <200 pA 
e Efficiency typically over 80% 









Motor Control 






UC2611 
Quad Schottky Diode Array 


e Matched, 4-diode monolithic array 


L293 
Push-Pull 4-Channel Driver 
e Output current 1A per channel 










¢ High peak current 
e Low forward voltage 


e Peak output current 2A per 
switchmode channel 






e Inhibit facility 
e High noise immunity 






For more information on these products, refer to detailed 
data sheets. 4-6 
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Motor Control 








UC2637 UC2625 










Switched Mode Controller for DC Brushless DC Motor Controiler 
moe Drive... a ae ¢ Drives power MOSFETS or power 
~ Darlingtons directly 






e 50V open collector high side 
drivers 


e Latched soft start 









Stepper Motor Drive Circuit 
e Half-step and. full-step capability 







e Bipolar constant. current motor 
drive 


e Built-in fast recovery’s neti 
commutating diodes 








Driver/Special Function 










UC2730 
Thermal Monitor 


e On-chip temperature transducer 


UC2722 


Five-Channel Programmable 
Current Switch 


e Five current-sinking switches 

















e Temperature comparator gives 


e Peak current-sinking switches threshold temperature alarm 


e Internal current sensing e Precision 2.5V power reference 





For more information on these products, refer to detailed data sheets. 
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Driver/Special Function 














atatatatatetet 





UC2704 
Bridge Transducer Switch 







igh Speed Power Driver 

e 1.5A source/sink drive 

e 100 nsec delay 

e 40 nsec rise and fall into 1000pF 
e Inverting and non-inverting inputs 





tre 





rces 





eu 





e Dual matched 








«High gain differential sensing 
clroult 













capability 
e Externally progra 














Deere meer ee enr sew eenensseeereseee eter eeeweceae eevee nneee 





Seen me mw neeervareseeaeecennsenes 








UC2709 
Dual High-Speed FET Driver 


e 1.5A source/sink drive 


UC2710 


High Current FET Driver 


e@ Totem pole output with 5A 
source/sink drive 


e 35nsec delay 
















e Pin compatible with 0026 products 


e 40nsec rise and fall into 1000pF 
e 25nsec rise and fall time into 
2.2 nF 


e 85nsec rise and fall time into 30nF 


e Low quiescent current 


For more information on these products, refer to detailed data sheets. 
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UC2724 


Isolated Drive praises 
e 500mA output d 


UC2725 
Isolated High Side FET Driver 


e Receives both power and signal 
across the isolation boundary 


e 9 to 15V high level gate drive 
guaranteed 















e Under-voltage lockout 






° Programmable operating 


frequency e Output enable function 










UC2726 
Isolated Drive: Transmitter 
e 750mA output drive, source or 














Isolated High Side IGBT Driver 


e Receives power and signal from 
single Bolaien transformer 















e Transmits logic signal’ | 





¢ Programmable operating e 16V high level gate driv: 


frequency 















UC2871 
Synchronous Resonant 
Fluorescent Lamp Driver 


e Complete drive and control 
circuitry for lamp and LCD 


e Zero voltage switched topology 
e Open lamp protection circuitry 
e 4.5V to 20V operation 


For more information on these products, refer to detailed data sheets. 
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PWM Performance Chart 


SWITCHING REGULATOR CONTROL ICs 


Note: Most series available screened to /883B Rev. C 


PERFORMANCE CHARACTERISTICS 








IS 
S 
& SS 
VOLTAGE MODE ‘g Jefe 
as : Lf ELE) & 
PWMs ‘S $ Ss/e/ & 
§ s S Jef S/ & {8 
< SF /L2/e/s§/s g 
; $ S$ /S/3S/8/E8/ S/F D 
x Ss S Sf 2, F/S ea) wo 
CS d & & S S/E/S/S % S Ss 
& 7] a $/ & [e/S/e/s/ § /€& S 
S /§/ § f8/ § /€/8/8/8/ & [S/F 
S . @ e/S/ s/s Ss S ay 
& AS = > S /S/8/S/S/ Ss Sa Ry 
Ss ef S/ FSF [S/38/EI I) S/S & 


Regulating 
PWMs 
UC1524/2524/3524 







16 Pin N, J, * 










Advanced 
Regulating PWMs 
UC1524A/2524A/3524A 





[ 300KHz 
[ SO0KHz 


16 Pin N, J, * 










Advanced 
Regulating PWMs 

UC1525A/2525A/3525A 
UC1527A/2527A/3527A 









500KHz 


550KHz i 
Regulating 


: X 
2MHz | X 
PWMs 
UC494 X 200mA 300KHz | X 


16 Pin N, J, * 









Regulating 
PWMs 
UC1526/2526/3526 





18 Pin N, J, * 










Advanced 
Regulating PWMs 
UC1526A/2526A/3526A 





18 Pin N, J, * 











High Frequency 
PWM Controllers 

UC1823/2823/3823 
UC1825/2825/3825 







16 Pin N, J, * 











16 Pin N, J 










16 Pin N, J 
18 Pin N, J 





Advanced 
Regulating PWMs 
UC494A/UC494C 
Programmable 
Primary Side PWMs 
UC 1840/2840/3840 X|X|X} XX} xX} 200mMA SOOKHz 


Note 1: All Current Mode Control ICs can be used in “Voltage Mode” Also; Consult Current Mode PWM Selection Guide. 
Note 2: N = Plastic Package 

J = Ceramic Package 

* = Surface Mount Available, Consult Factory 


18 Pin N, J,* 


Bo 
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PWM Performance Chart 


SWITCHING REGULATOR CONTROL ICs (Cont'd) 


PERFORMANCE CHARACTERISTICS 


Note: Most series available screened to /883B Rev. C 









VOLTAGE MODE 
PWMs 


















Programmable 
Primary Side PWMs 
UC1841/2841/3841 





eee 







Advanced 
Programmable, Off-Line 
PWM 

UC1851/3851 
















Power Supply | 
Control Systems* 
UC2850/3850 X X|X}X}| XX] SOMA 200KHz | X X |X X 24 Pin N, J, * 










Enhanced Voltage Mode 
UCC3570 (BICMOS) X1X|X}X]X] XI} 500mMA | X | SOOKHZ X |X|X|X}|X} NA]X] 14Pin N, J, D 


Note 1: All Current Mode Control ICs can be used in “Voltage Mode” Also; Consult Current Mode PWM Selection Guide. 
Note 2: N = Plastic Package 

J = Ceramic Package 

* = Surface Mount Available, Consult Factory 
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SWITCHING REGULATOR CONTROL ICs 


Note: Most series available screened to /883B Rev. C 


PERFORMANCE CHARACTERISTICS 


Se 
CURRENT MODE «S 
‘o/s /§ 
PWMs S S/S ELSES SF 
= S/S/E/ E 
= S Jefcile/s/ £ Js 
Ss S L/S V/s g 
RD S$ /S/SS/ES/E/ SS / SF 
Ss TS LS/ OV S/S] S/F @ 
© & © > STE / S/S Oy we S 
&/ ¢ /8/ & J8/S/e/s/ & [Ff & 
Cf € /[3/ & /s/8/E/S/ & /S $ 
S Ss > S S/&8/S/E/ © 
S aS RS @ S RS SS 
Sf LS SS) EF [S/E/ P/F) S JS fs 





BICMOS High Frequency 
PWM Controllers 
UCC1802/2802/3802 
UCC1803/2803/3803 
UCC1804/2804/3804 
UCC1805/2805/3805 


8 Pin N, J, D * 


int 16 Pin N, J, DW 


Ti. 16 Pin N, J, DW 

i 16 Pin N, J, * 
X 

xl 

u 


1MHz 


BICMOS High Frequency 
PWM Controllers 
UCC1806/2806/3806 





1MHz 


Dual BICMOS 
Current Mode 
UC1810/2810/3810 





X 1MHz 


X 
Note: N = Plastic Package 


J = Ceramic Package 


* = Surface Mount Available, Consult Factory 


High Frequency 
PWM Controllers 
UC1823/2823/3823 
UC1825/2825/3825 


2MHz 
High Frequency delat 
PWM Controllers 

X | X 


UC1823A/2823A/3823A 


UC1825A/2825A/3825A 16 Pin N, J, * 


Jodad x be 16 Pin N, J, DW 


2MHz 


Complementary Output 
PWM Controllers 
UC1824/2824/3824 





Programmable 
Primary Side PWMs 


UC1840/2840/3840 16 Pin N, J, * 


500KHz 


WU 200mA 
X | 200mA 


X 
Programmable 
Primary Side PWMs 
UC1841/2841/3841 SOOKHz 
Economy Primary 
Side PWMs 
UC 1842/2842/3842 
UC 1843/2843/3843 
UC 1844/2844/3844 
UC1845/2845/3845 X| 8PinN, J, * 


X | SOOKHz 


ee ee 
ee Eee ee ee ee ee eee ee eee 
ee ees eT Eee ee eee ee ee eee 
eee ee 





vale 18 Pin N, J, * 


ll 


8) a § 
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” 
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SWITCHING REGULATOR CONTROL ICs (Cont'd) Note: Most series available screened , /883B Rev. C 


PERFORMANCE CHARACTERISTICS 


CURRENT MODE 
PWMs 7 


Economy Primary 

Side PWMs 

UC1842A/2842A/3842A 

UC1843A/2843A/3843A 

UC1844A/2844A/3844A | 

UC1845A/2845A/3845A |G | | | ;X1 | 8 Pin N, J, * 


Current Mode 

PWM Controllers 

UC1846/2846/3846 2 : 
UC1847/2847/3847 X |X| 200mMA 16 Pin NJ, * 


Average Current Mode | 500mA - 
PWM | 2.0A 
UC1848/2848/3848 Pulse 16 Pin N, J, DW 


Advanced . ; 
Programmable, | 
Off-line PWM ; 
UC1851/3851 X | X | 200mA ) 18 Pin N, J, * 


Advanced High | : 7 
Performance PWM ; > 
UC1856/2856/3856 X|X ; 16 Pin N, J, DW 


Note: N = Plastic Package 
J = Ceramic Package 
* = Surface Mount Available, Consult Factory 
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UCC1801 


UCC1802 


UCC1803 


UCC1804 


UCC1806 


UCC1810 


UC1823 


UC1823A 


UC1823B 


UC1824 


UC1825 


UC1825A 


UC1825B 


UC1828 


UC1840 


UC1841 


UC1842 


UC1842A 


UC1843 


UC1843A 


UC1844 





UC1844A 


Note: Most series available screened to /883B Rev. C 
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CURRENT MODE CONTROL IC APPLICATION GUIDE (Cont'd) 


UC1845A 
UC1846 


UC1847 
UC1848 


UC1849 


BRS 
5 





UC1854A 





"ace! a! 5 % 
5 a . 
! % 5 : % 
wg 5 % 
5 5 Sg 
5 


UC1871 


UC1875 : 
UC1877 | me 
UC1878 | 
UCC1883 


UCC1885 ; 








Sete 
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= 
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© 
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> 





1 can be obtained 


LOW CURRENT BICMOS CONTROLLERS 


UCC1800 


UCC1801 


UCC1802 


UCC1803 


UCC1804 


UCC1805 


UCC1806 


UCC1810 


UCC1883 


UCC1885 





1 can be obtained 
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POWER SUPPLY SUPPORT FUNCTIONS 


Two Stage Power 
Factor Converter 


Enhanced Quad 
Supply and Line 
Monitor 


Dual Schottky Diode 
Array 


Shunt Precision 


Reg./Opto Driver 


Precision Analog 
Reg./Opto Driver 


Load Share Controller 


EZ Switcher 


e Single Chip Solution For Power Factor Corrected 
Power Systems 

e World Wide Voltage Operation Without Switches 

e Fixed Frequency PWM Drive for Both Pre and 
Post Regulators 

e Low Offset Analog Multiplier/Divider 


e Inputs for Monitoring up to Four Supply Voltages 

e Two Inputs Preset for -5V and -12V Monitoring, 
or Programmable Positive Levels 

e Precision 2.5V Reference 

e Separate Inputs for Over-Current and Line Fault 
Sensing 


e Monolithic Two Diode Array 
e Exceptional Efficiency 

e Low Forward Voltage 

e High Peak Current (3A) 

e Small Size 


e Multiple On-Chip Programmable Reference Voltages 

e 0.4% Initial Accuracy 

e 1.0% Overall Ref. Tolerance 

e 2.2V to 36V Operating Supply Voltage and User 
Programmable Reference 

e Known Linear Transconductance @ 5%Tolerance 


e Programmable Transconductance for Optimum 
Current Drive 


e Accessible 1.3V Precision Reference 

e Both Error Amplifier Inputs Available 

e 0.4% Initial Accuracy 

e 1.0% Overall Reference Tolerance 

e 2.2V to 36.0V Operating Supply Voltage 

e Reference Accuracy Maintained for Entire Range of 
Supply Voltage 

e Superior Accuracy and Easier Compensation for 
Opto-lsolator Application 

e Low Quiescent Current (0.55mA Typ.) 


e Fully Differential High Performance Voltage Sensing 

e Accurate Current Amplifier for Precise Current 
Sharing 

e Opto Coupler Driving Capability 

e 1.25% Trimmed Reference 


e 1A Fixed or Adjustable Step Down Converter 
e Up to 60V Input 

e High Efficiency 

e Pin Compatible with LM2575 
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28 Pin PLCC 
or 
24 Pin DIL 


18 Pin DIL 
or 
20 Pin SO-IC 


8 Pin SO-IC 
(Power PKG) 
or 
8 Pin DIL 


8 Pin DIL 
or 
8 Pin SO-IC 


8 Pin DIL 
or 
8 Pin SO-IC 


16 Pin DIL 
or 
16 Pin SO-IC 
or 
20 Pin PLCC 


5 Pin TO-220 
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Product Selection Guide 


EZ Switcher 


EZ Switcher 


Low Dropout 3A 
Positive Linear 
Regulator 


Enhanced UC3854 
Power Factor 
Controller 


e Same Features as UC2575 
e 3A Output 
e Pin Compatible with LM2576 


e 1A Fixed or Adjustable Step Up Converter 
e Up to 60V Input 

e High Efficiency 

e Pin Compatible with LM2577 


¢ Drop Out < 0.6V @ 3A 

e Drop Out <2mV @ 10mA 

e Quiescent current < 250A Irrespective of Load 
e Adjustable (5 Lead) Output Voltage Version 

e Fixed (3 Lead) Version @ 2.85V, 3.3V and 5V 
e Protection Features | 


e Controls Boost PWM to Near Unity Power Factor 

e Limits Line Current Distortion to < 3% 

e Accurate Power Limiting 

e Enhanced Multiplier Improvements 

e High Bandwidth (5 MHz) Low Offset Current 
Amplifier 

e Faster/Improved Accuracy ‘Enable Comparator’ 


5 Pin TO-220 


5 Pin TO-220 


5 Pin TO-220 
or 
3 Pin TO-220 


16 Pin DIL 
or 
16 Pin SO-IC 
or 
20 Pin PLCC 
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PRODUCT APPLICATIONS CIRCUITS 




















e Matched, Four Diode Monolithic Array 
e High Peak Current 

e Low Cost MINIDIP Package 

« Low Forward Voltage 

e Parallelable for Lower Vr or Higher Vr 
e Fast Recovery Time 

e Military Temperature Range Available 





Any Analog to Digital monitoring system; coupled with any of a wide range of sensors almost 
any type of physical phenomena may be monitored. Samples: 

e Air-Flow Sensor Circuits 

e Liquid or Gas Flow Circuits 

e Passing Object Circuits 










"IC Circuitry that results in optimized charge cycles for specific battery applications.” 
e Uninterruptable Power Supplies 

e Portable Electrical Equipment 

e Emergency Power and Light Systems 

e Volatile Data Handling Computers—Power Back-Up 










By combining a temperature monitor and heater, this IC permits airflow velocity past the IC 
package to be monitored. 

e On-Chip Temperature Transducer 

e Temperature Comparator Gives Threshold Temp-Airflow Alarm 

e Low 2.5mA Quiescent Current 













e Can Function as a General-purpose Low-power Controller 
e Fully Synchronizing Oscillator 

e Synchronization to Secondary Side Logic 

e Leading Edge Blanking of Current Sense 

e 50% Maximum Duty Cycle 

e Undervoltage Lockout 

e Programmable Low Line Sensing 

e Programmable Softstart 

e Programmable Fault/Restart Delay 

ISDN FEATURES 

e Zero-power Startup Capability 

e Restricted Mode Detection 

e Frequency Agile PWM in Restricted Mode 

e Precision Programmable Quiescent Current 

e Very Low Quiescent Power for CCITT 25mW Restricted Mode 

e Accurate, Programmable input Power Limit or Input Current Limit 























e Wide Operating Range 

e Fully Synchronized Oscillator 

e Temperature Stable Oscillator 

e Logic Level Synchronization Input 

e Precision Reference 

eError Amplifier for Loop Regulation and Compensation 
e Undervoltage Lockout 

ISDN FEATURES 

e Low Line Logic Output 

e Restricted Mode Logic Output 

e Precision Programmable Quiescent Current 

e Very Low Quiescent Power for CCITT 25mW Restricted Mode 
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INTEGRATED UCIG61A 


UC161B 
mee UNITRODE UCI6IC 


Micropower Quad Comparator 


FEATURES DESCRIPTION 


¢ Programmable Output Drive Capability The UC161 family of quad comparators feature programmable DC and 

* Direct CMOS Logic Compatibility AC parameters. A single external resistor can set the comparators to 
operate in the microwatt region for battery applications, or higher cur- 

¢ Low Power rent levels can be set to obtain improved speed or drive capabilities. 

* Direct Wire-OR of Outputs The outputs on these devices can be wire OR’d together, simplifying 
external logic requirements in some applications. 


* Wide Input Common Mode Range These devices are available in three temperature ranges, the UC161A 


is specified for the full military range, -55° C to +125°C, the UC161B for 
the industrial range, -25°C to +85°C, and the UC161C for the commer- 
cial range of 0°C to +70°C. 


CONNECTION DIAGRAM ABSOLUTE MAXIMUM RATINGS 
DIL-16 (TOP VIEW) Supply Voltage (+Vto-V) 2... 2... 0... ee eee 36V 
N or J Package Differential Input Voltage .. 2... +30V 
INPUL VONAGE: a: 5a a Wo alg Gah, hh wes Se he ge es ee ok -V-0.3V to +V 
Power Dissipation atTA=25°C .. 1... .... 00.22 eee 1000 mW 
Power Dissipation atTc =25°C .............2.2.2.002. 2000 mW 
Operating Junction Temperature... ............ -55°C to +150°C 
Storage Temperature... 2.2... 2.2... .2.0...0008. -65°C to +150°C 
Lead Temperature (Soldering, 10Sec.) ..............4.4 +300°C 


Note: Consult Packaging Section of Databook for thermal limitations and con- 
siderations of package. 





SIMPLIFIED SCHEMATIC (ONE COMPARATOR 


OUTPUT 
O ro 


BIAS NETWORK 
(COMMON TO 
ALL FOUR 
COMPARATORS) 
Q 
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UC161A 
-UC161B 
~ UC161C 


ELECTRICAL CHARACTERISTICS: Temperature range is -55° to +125°C for the UC161A, -25°C to +85°C for the 
UC161B, and 0°C to +70°C for the UC161C. sits a <3 


LOW POWER ELECTRICAL CHARACTERISTICS: unless Otherwise Stated: Vs = +3V, IseT? = 10uA, Re =10MQ, 
| ~ CL = 10pF, Ta = 25°C, Ta = Ty. | 


PARAMETER SYMBOL TEST CONDITIONS 


Input Offset Voltage | Vos | 


Ss 
Input Offset Current | tos, | 
Input Bias Current ei oe 
uc |RL=20KQ 
H 


DC Open Loop Voltage AVOL 
Gain 


Low Output Voltage’ Ri = 20kQ 
1 = 


CommonModeRange | CMR | 


i IB 
High Output Voltage Rit = 200kQ 
| Response Time |__| 100mV Overdrive, Cx = 10pF 
C 


CommonModeRejection MRR {Vin = CMR. 
Ratio 
PowerSupplyRejection PSRR | 
Ratio 
| SupplyCurrent ae = 00 


DC Open Loop Voltage 
Gain 


SUPPLY [BYNANICT OUTPUT [ WPUT [ 





HIGH POWER ELECTRICAL CHARACTERISTICS: Unless Otherwise Stated: Vs = +15V, IseT? = 100pA, RL =2MQ, 


Ci = 10pF, Ta = 25°C, TA = Ty. 
PARAMETER  |SYMBOL| TESTCONDITIONS | —UCIGiIA | 
i; re | WAX 








T 


MIN 

| Input OffsetVotage | vos | | 
ee ee 

fmm 


: wee mv_| 
B |_Input Offset Current__| los _| | 60 _| | nA | 
=| InputBiasCurent | ter | | 100 | 400 _| 
(eur [e[ Teter fe pet 
7 Voltage Gain 
E | Low Output Vottaget | Vor |AL=20K2 | | 14.9 | tae | | 149 | 146 | Vv _| 
© | High Output Vottaget_ | Vow |Ru=200K2 | 145 | 149 | | 145 | 149 | | 
© |_Common ModeRange| cme | | fetzetg] | feta] | 
[cca SS A Hd 
= CL = 10pF 

i Kl BH Ba el 

Rejection Ratio | 
: Nia ME aa ad 
| 2100 | 3500 | 


Power Supply PSRR 
Rejection Ratio 
@ | Supply Current te es All Inputs Grounded, RL = ~ Rell 


Note 1: The output current drive of the UC 161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The 
output pull-down current capability is typically 75-150 times the pull-up current. 

Note 2: Set current (IsET) and supply current (IsuPPLY) can be determined by the following formulas: 

[(+V) - (2VBe) - (-V)] 


RSET 





ISET = : ISUPPLY = 21 X ISET. 
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UCI61A 
UC161B 
UC161C 


HIGH POWER ELECTRICAL CHARACTERISTICS (Continued): Ta = Ty. 





DC Open Loop Voltage AVOL 


Gain 


i Input Offset Voltage 





PARAMETER SYMBOL TEST CONDITIONS 


input Bias Current Se el eae eee 
Supply Current | is | All Inputs Grounded RL = © 


TA = Over Temperature Range 


| uci6iA | st 1ByC 






Note 1: The output current drive of the UC 161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The 
output pull-down current capability is typically 75—150 times the pull-up current. 
Note 2: Set current (IsET) and supply current (IsuPPLY) can be determined by the following formulas: 


_ 1¢V)- (2vee) - -Vy 


: ISUPPLY = 21 x ISET. 
RSET 


ISET 


APPLICATION AND OPERATION INFORMATION 
DESCRIPTION 


The UC161 is a monolithic quad micropower comparator 
with an external control for varying its AC and DC charac- 
teristics. The variation of a single programming resistor 
will simultaneously alter parameters such as supply cur- 
rent, input bias, current slew rate, output drive capability, 
and gain. By making this resistor large, operation at very 
small supply current levels and power dissipations is pos- 
sible. The UC161 is therefore ideal for systems requiring 
minimum power drain, such as battery-powered instru- 
mentation, aerospace systems, CMOS designs, and re- 
mote security systems. 


The circuit (see Simplified Schematic) is composed of five 
major blocks-four comparators and a common bias net- 
work. Q1-Q6, and D1 from a darlington differential ampli- 
fier with double-to-single ended conversion. Q6 is a dual 
current source whose outputs are exactly twice the cur- 
rent flowing through Qs. The collector current of Qs is a 
function of the current supplied externally to Q9-Qio, 
which in turn is known as the set current of ISET. This set 
current is established by a resistor connected between 
the IsET terminal and a voltage source, most commonly 
the positive supply. Q11 prevents excessive current from 
flowing through Qg and Qio in the event the ISET terminal 
is shorted to the positive supply; it has no effect on circuit 
Operation under normal conditions. 


SETTING THE SET CURRENT 
The set current can be expressed as: 


__[+V) - (2Vee) - (VI 


ISET Aa 


where +V is the voltage to which the control resistor is 
connected, -V is the negative supply voltage, VBE is the 
base emitter drop of Q9 or Q10 (about 0.7V), and RsET is 
the value of the external contro! resistor or set resistor. 
Equation 1 is simply a derivative of ohms law. There is 
also an analytical relationship between IsET and the total 
supply current: 


ISUPPLY = [ISET (current sourced by Qé to Qs) 


+2 ISET (current sourced to the differential 
amplifier by Q6) 


+2 ISET (current sourced to the comparator 
output by Qe) 


x 4 (the total number of comparators) 


+ ISET (current sourced through Q11, Q10, and 
Qg to —V) 


= [lser + 2 IseT + 2 IseT] x 4+ Iser 
= 21 ISET 


The output current pulldown capability (loL) of the UC161 
is about 2 orders of magnitude greater than the high out- 
put drive current, (IOH), which allows wire-ORing the out- 
puts. IOH is simply the current sourced by Qe: 


lon = 2x Isetr 


lot is found by multiplying the current sourced by the col- 
lector of Q6 by the gain Q7: 


lo. = B (Q7) x 2 IsET 
The beta of Q7 is about 75—150. 
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UCI61A 
UC161B 
UC161C 


APPLICATION AND OPERATION INFORMATION (Continued) 


Input Bias Current vs Supply Current 
100 = SssisasaaSsisaSSeasiiseeeescs 


EEE eee 
fs OG DH Ee ALES 
PPP Tr i 
PEC CECE Cece ECHL 


EH WU TT ee 


TNs = s3V 770 


ms mesnaiiiismsmeasiis7/assiismsmaaaiti 
pata YO LL 
ttt PTA 

Li Ti Ty CCCI nh 


LTT PAA PTET 


LUIS, = HSM I 


SS attysasmanaiiivesmassiinmmaniiii 
SF Alt TT PT rT 


as STATIN 


| YA 


PCE CEC 


ALI URS, 8. 


10 100 10K 
IsuppLY - SUPPLY CURRENT (A) 





RSET vs VSuPPLY for Various Supplies 
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IBIAS - INPUT | 
BIAS CURRENT (nA) 










Wh : oes 
wu AZ oy ma 

a/726205>_ ee 
ae 2-0 












Rset-SET RESISTOR (M()) 
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Vs-SUPPLY VOLTAGE (VOLTS) 


Transfer Characteristics | | Slew Rate vs Supply Current 


—_ 
© 


120 


100 IAS 
aaa TRANSITION 


> 
eC EE 
Oe 2 ee 
rE keene 


-200 100 0 100 200 
— } IsuppLy - SUPPLY CURRENT (7A 
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NEGATIVE TRANSITION 
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—(87//A) 3LVY MAIS 
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INTEGRATED 
CiIACUITS 


eee UNITRODE 


UC494A/AC 
UC495A/AC 





& 


Advanced Regulating Pulse Width Modulators 


FEATURES 


Dual Uncommitted 40V, 200mA 
Output Transistors 


1% Accurate 5V Reference 
Dual Error Amplifiers 
Wide Range, Variable Deadtime 


Single-ended or Push-pull 
Operation 


Under-voltage Lockout With 
Hysteresis 


Double Pulse Protection 


Master or Slave Oscillator 
Operation 


UC495A: Internal 39V Zener Diode 
UC495A: Buffered Steering Control 


BLOCK DIAGRAM 


(UC495A) 


Rt—-—— 
Cr OSCILLATOR 


DESCRIPTION 


This entire series of PWM modulators each provide a complete pulse width 
modulation system in a single monolithic integrated circuit. These devices in- 
clude a 5V reference accurate to +1%, two independent amplifiers usable for 
both voltage and current sensing, an externally synchronizable oscillator 
with its linear ramp generator, and two uncommitted transistor output 
switches. These two outputs may be operated either in parallel for single- 
ended operation or alternating for push-pull applications with an externally 
controlled dead-band. These units are internally protected against double- 
pulsing of a single output or from extraneous output signals when the input 
supply voltage is below minimum. 


The UC495A contains an on-chip 39V zener diode for high-voltage applica- 
tions where Vcc would be greater than 40V, and a buffered output steering 
control that overrides the internal control of the pulse steering flip-flop. 


The UC494A is packaged in a 16-pin DIP, while the UC495A is packaged in 
an 18 pin DIP. The UC494A, UC495A are specified for operation over the full 
military temperature range of -55°C to +125°C, while the UC494AC, 
UC495AC are designed for industrial applications from 0°C to +70°C. 


OUTPUT CONTROL 
(SEE FUNCTION TABLE) 


FUNCTION TABLE 


Bulge fo! | Output Funeton 


Single-Ended or 
Ground Parallel Operation 
VREF Push-Pull Alternating 
Outputs 


UC495A 





r 
< a PWM Output at Q1 
os ‘ > 2.4V PWM Output at Q2 


REF out 


DEAD- #70.1V ra 


TIME -——i 
ce 


CONTROL 
PWM 
COMPARATOR 


> 


REFERENCE a 


REGULATOR 


NON 
INV. INPUT 
INV. INPUT 
ERROR AMPLIFIERS 


INV. INPUT \ 
INV. INPUT —~ 


GND 


wan Vey pice PS ee 


ee eee 
(UC495A) 


COMP. 
PWM COMP 
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2, 3) 


Supply Voltage, Vcc (Note 2)........ 0... 0.00 ce ee eee 45V 
Amplifier Input Voltages ..................005. Vec + 0.3V 
Collector Output Voltage ........... 0.0... ccc eee eee 41V 
Collector Output Current... .......... 0.00. e ee eee 250mA 
Continuous Total Dissipation .................... 1000mW 
@ (or below) 25°C free air temperature range (Note 3) 

Storage Temperature Range ............... -65° to +150°C 
Lead Temperature 1/16" (1.6mm) from case for 60 seconds, 

J Package........... i nde SnSaicansl eis couplers Aeaeees 300°C 
Lead Temperature 1/16" (1.6mm) from case for 10 seconds, 

N Package: 6.24 63 658 catwete eee ano hweses tues 260°C 
Note 1: Over operating free air temperature range unless 

otherwise noted. 
Note 2: All voltage values are with respect to network 
~ ground terminal 3. 


Note 3: Consult Packaging Section of Databook regarding 
thermal specifications and limitations of packages. 


CONNECTION DIAGRAMS 


UC494A/AC | 


| DIL-18 (TOP VIEW) 
J or N Package 


COMPEN/PWM 3] 
COMP INPUT 





UC494A/AC 
UC495A/AC 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage VCC... 6... eee nes 7V to 40V 
Error Amplifier Input Voltages ............. -0.3V to Vcec-2V 
Collector Output Voltage ..................... Boao 40V 
Collector Output Current (each transistor)........... 200mA 
Current into Feedback Terminal.................... 0.8mMA 
Timing Capacitor, CT ................. 0.47nF to 10,000nF 
Timing Resistor, RT .......... 0.0.0 ce eee 1.8kQ to 500kQ 
Oscillator Frequency ...............0.005 1kHz to 300kHz © 
Operating Free Air Temperature 

UC494A, UC495A .......... 0. cece eee -55°C to +125°C 

UC494AC, UC495AC... 6... eee ee eee 0°C to +70°C 


UC495A/AC | 


| DIL-18 (TOP VIEW) 
J or N Package 


COMPEN/PWM 
COMP INPUT 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, over recommended operating free-air temperature range, 
| Vcc = 15V, f = 10kKHz, TA = Ty. 







Reference Section 
Output Voltage VREF 
Input Regulation 
Output Regulation 
Output Voltage Over Temperature 
Short Circuit Output Current 
Oscillator Section 


Frequency Change With Temperature 





[PARAMETER |—STESTCONDITIONS MIN. | TYP | MAX [UNITS| 








| Frequency (Note2) CT = O.01uF, RT = 12k i 
Standard Deviation Of Frequency (Note 3) _ |All Values of Vcc, Ct, Rt, TA Constant Sa 
Frequency Change With Voltage Vcc = 7V to 40V, TA = 25°C | | : 


lo=imA,Ta=25°C Cid S| | OS | OV 
Voc = 7V to 40V || 2 | 28 | mv | 
lo=imAtoiomA es —“(i‘“‘éwLSSSCdT:sCitsd|s 4s [| mv | 
JATA=Min.toMax, iL | | S| OV 
REF =0,TA=25°C (Note1) === |_10 | 35 | 50 | ma | 
O1pF, P40 | | kHz 

- io | | % | 

For | | % 

CT = 0.01yF, RT=12kQ, ATA=Min.toMax. | [| | 2 [| % | 


Deadtime Control Section (Output Control Connected to VREF) 
Input Bias Current (Pin 4 V(PIN 4) = OV to 5.25V 
Maximum Duty-Cycle (Each Output) V(PIN 4) = OV 
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UC494A/AC 
UC495A/AC 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, over recommended operating free-air temperature range, 
= hd 


z, TA= Ty. 
TEST CONDITION 
Deadtime Control Section (cont.) (Output Control Connected to VREF 
Input Threshold Voltage (Pin 4) Zero Duty-Cycle 
Maximum Duty-Cycle 


TYP 


< 
QO 
QO 
Oo 
< 
5 
~~ 
+ 
> 
<j 
|e 
Ww 
wo 
c 
<l< = 
rr 





Amplifier Section 
Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Common-Mode Input Voltage Range 


Vo (PIN 3) = 2.5V 
Vo (PIN3) =2.5V 
Vo (PIN 3) = 2.5V 
Vcc = 7V to 40V 


fo) 
ho 





Ww 

o> 

co) 
Ble 
on |X 


oO © 


-2 






Open Loop Voltage Gain AVo = 3V, Vo = 0.5V to 3.5 V 
Unity Gain Bandwidth 
Common-Mode Rejection Ratio 
Output Sink Current (Pin 3 


Output Source Current (Pin 3 





cc = 40V, TA= 25°C 
ID = -15mV to -5V, VI(PIN 3) = 0.7V 
ID = 15mV to 5V, V(PIN 3) = 3.5V 


< 
Q 
re) 


t © ~] 


< 


t 
—_ |O1 
© 


3.13 > 3 |3 





Collector Off-State Current VcE = 40V, Vcc = 40V 100 
Emitter Off-State Current Vec = Vc = 40V, VE =0 -100 


Collector - Emitter VE = 0, Ic = 200mA 


Saturation Voltage | Emitter-Follower c = 15V, le = -200mA 
| = VREF ; 


< 


anh, 
oh 


< 


Output Control! Input Current 
PWM Comparator Section 
Input Threshold Voltage (Pin 3 Zero Duty-Cycle 
Input Sink Current (Pin 3 V(PIN 3) = 0.7V 
Steering Control (UC495A, See Function Table 
Input Current V(PIN 13) = 0.4V, Q1 ACTIVE 
V(PIN 13) = 2.4V, Q2 ACTIVE 


=) 
a 
>) 
ele 
3 
Bk 








< > 


Deadband 
Zener Diode Circuit (UC495A 
Breakdown Voltage 
Sink Current 
Total Device 
Standby Supply Current Pin 6 at VREF, All other inputs and Vec = 15 
outputs open Vcc = 40 


cc = 45V, |Iz=2mA 
(PIN 15) = 1V 


<ji< 


© |lw 
No | ® 


o) 
Be 
= 
Bk 


< 


i 


Under Voltage Lockout 
Hysteresis 


| Output Voltage RiseTime __——|Common-Emitter Configuration =| 
| Output Voltage FallTime |RL=68Q,CL=15pF 
| Output Voltage RiseTime | Emitter-Follower Configuration | | 100 
| OutputVottage Fall Time |RL= 682, Ci=15pF | 


Note 1: Duration of the short circuit should not exceed one second. 
Note 2: Frequency for other values of CT and RT is approximately f = 





wo 
(2) 
ro) 
3 s iS 






1.1 
RTCT 
Note 3: Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: 
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UC494A/AC 
UC495A/AC 


TO REMAINDER TO REMAINDER 
OF ERROR OF ERROR | 
AMPLIFIER AMPLIFIER 
CIRCUIT CIRCUIT 


TO COMPENSATION/PWM 
COMPARATOR INPUT 
(PIN 3) 
Voc giave 
(Additional 
circuits) 


: TIE TO Vrer 
Qc OR A VOLTAGE 
OUTPUT -AS LOW AS 2.4V 


CONTROL | 1 to 250mA 
© 1 TO 500mA 


OUTPUT 


| | CONTROL 1 to 250mA 
A VOLTAGE 


UP TO 0.4V E2 


SINGLE - ENDED CONFIGURATION PUSH - PULL CONFIGURATION 


Figure 3. Output Connections for Single-Ended and Push-Pull Configurations 


STEERING Ic 
CONTROL SUPPLY 
VOLTAGE 
3K 


Figure 4. Internal Buffer with Deadband for 
Steering Control on UC495A 


Vo TO OUTPUT 


VOLTAGE OF 
SYSTEM 


POSITIVE OUTPUT VOLTAGE NEGATIVE OUTPUT VOLTAGE 


TO OUTPUT 
VOLTAGE OF 
SYSTEM 


Ri Ri 
Vo = Vrer (1+) Vo = Vrer (1455) 





Figure 6. Error Amplifier Sensing Techniques 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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‘_j] sinenrver= uc1524 


UC2524 
ae UNITRODE UC3524 
Advanced Regulating Pulse Width Modulators 
FEATURES DESCRIPTION 
¢ Complete PWM Power Control The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip 

Circuitry all the functions required for the construction of regulating power supplies, in- 


verters or switching regulators. They can also be used as the control element 


* Uncommitted Outputs for for high-power-output applications. The UC1524 family was designed for 


Single-ended or Push-pull 


Applications switching regulators of either polarity, transformer-coupled dc-to-de convert- 
ers, transformerless voltage doublers and polarity converter applications em- 

* Low Standby Current...8mA ploying fixed-frequency, pulse-width modulation techniques. The dual 
Typical alternating outputs allow either single-ended or push-pull applications. Each 

¢ Interchangeable with $G1524, device includes an on-chip reference, error amplifier, programmable oscilla- 
SG2524 and $G3524, tor, pulse-steering flip-flop, two uncommitted output transistors, a high-gain 
Respectively comparator, and current-limiting and shut-down circuitry. The UC1524 is 


characterized for operation over the full military temperature range of -55°C 
to +125°C. The UC2524 and UC3524 are designed for operation from -25°C 
to +85°C and 0° to +70°C, respectively. 


CONNECTION DIAGRAM 


VreF Vin Es Cs Ca €Ea S/D COMP 


oe ERENCE 
REGULATOR 





2 ‘Ai i OSCILLATOR 
ae Gn Lt 


7718, 

7 ie pee (+) (-) 7 Cr GND 
INPUT INV OUTC.L. C.L. 
INPUT SENSE 





BLOCK DIAGRAM 


08) +5V to all 


REFERENCE 
REGULATOR internal circultry 


= OSCILLATOR 
OUTPUT 


+5V 


+5V ERROR 
INV. INPUT(1) MP +SENSE 


N.I. INPUT(2) 


GROUND ~ COMPENSATION 
(Substrate) 
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— UC1524 
UC2524 
UC3524 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = —55°C to. | 


+125°C for the UC1524, -25°C to +85°C for the UC2524, and 0°C to 
+70°C for the UC3524, VIN = 20V, and f = 20kHz, TA=Ty. 


PARAMETER | TEST CONDITIONS a 
| MIN | TyP | MAX | MIN | TYP_ 




























Reference Section | | 
[| OutputVotage ——#“ so] —“(‘“;*™*C*C*dSCK | 5 | 5D | 46 | 5.0 | 54 | V 
| lineRegulation =—-s—s§ «5s [Vn=8to4ov, | S| tc | FO | | 10: | 30 | mv 
| | 2 | 5 | | 20 | 50 | m | 
| RippleRejection —s—sf=120Hz,Ty=25rc | | 6 | | | oe | 
| Short Circuit Current Limit |VreF=0,Tu=25°C | S| to | S| S| 10 | | mA 
| Temperature Stability _—‘|Over Operating Temperature Range | =| 03 | 1 | | o3 | 1 | % 
| LongTerm Stability Ss [Tu=125°C,t=1000Hrs. =| S| 20 |] | 20 | 
Oscillator Section 
| Maximum Frequency [CT = .001mfd, RT=2kQ | ft soo | | 00 || te 
| Voltage Stability Vin=8to4ov,tu=25c | | tt TT Ct 
| Temperature Stability _—=—[Over Operating TemperatureRange | ss || S| 5 | | S| | 
| OutputAmplitude ss [Pin3, Tu=25°C | tS | Tl | 
| Output Pulse width |Cr=.0imfd,ty=25rc | fl | Tf 8 | ps 
Error Amplifier Section | 
| Input Offset Voltage [Vem = 2.5V | fos | 5 | | 2 | to | mw 
| Input Bias Current [Vc = 2.5V | | 2 | tof | 2 | 10 | pa | 
| OpenLloopVottageGan | — —“‘*‘iL s~«| Cw | S| | 80 | | 
| CommonModeVoltage ss fTu=2erc dt || KB || 4 | 
| CommonModeRejectionRatio|T=25°C | S| | S| S| 0 | | 
| Small Signal Bandwidth |Av = OdB, Ty = 25°C ee ee ee 
| Outputvotage = [Tuer CS || Bf OS | | 8B] 
po] [ato] |4s|% 
input Threshold ZeroDuty-cyce ss | | at | CT Ct | 
Maximum Duty-Cycle —=s—s§s 5S | S| 5 | || 85 | CU 
| _InmputBiasCurent = ss | Ci tt 
eee ee eee 
Set for Maximum Out, Ty = 25°C 
| SenseVotageT.C. =o | —“‘iSC“‘i‘iL B® |] CT Ct oe | ver 
[| CommonModevotage = | Cl | Cl Et | UT et TC 
| Collector-EmitterVotage =| ——ti“‘iL | CU| CT | CT 
| Collector Leakage Current _|vce=4ov,—— CLC | ot | 50 | | nt | 50 | pA | 
mite ake ea es 
| Emitter Output Voltage [Vn=20V,——“( —( C—“‘;«é‘L:S«*éLsC ts | S| t7@ | 18 | 
ees 2 a (ee a 
| fort tt ot | gs | 
Total Standby Current VIN = 40V r | 8 | to | | | 8 | 10 | ma 





(Excluding oscillator charging current, error and current limit 
dividers, and with outputs open) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, Vcc (Notes 2 and 3).................. 40V 
Collector Output Current..........0.. 0.0.00 cece eee 100mA 
Reference Output Current ..............0.. 00000 50mA 
Current Through Ct Terminal................2..0005 -5mA 
Power Dissipation at TA = +25°C (Note 4).......... 1000mW 
Power Dissipation at Tc = +25°C (Note 4).......... 2000mW 
Operating Junction Temperature Range ..... -55°C to +150°C 
Storage Temperature Range.............. -65°C to +150°C 
Note 1: Over operating free-air temperature range unless 
otherwise noted. 


Note 2: All voltage values are with respect to the ground 
terminal, pin 8. 

Note 3: The reference regulator may be bypassed for operation 
from a fixed 5V supply by connecting the Vcc and 
reference output pins both to the supply voltage. In this 
configuration the maximum supply voltage is 6V. 

Note 4: Consult packaging section of databook for thermal 
limitations and considerations of package. 


TYPICAL CHARACTERISTICS 
Open-Loop Voltage Amplification 
of Error Amplifier vs Frequency 


i | VIN =2C 
PT | IT UTM tare 


60 rena 
Presson IH LIE 
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_Re=100k0 [Ill 
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fi seh WENT 
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OPEN-LOOP VOLTAGE AMPLIFICATION (dB) 


Output Dead Time vs 
Timing Capacitance Value 
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UC1524 


UC2524 

UC3524 
RECOMMENDED OPERATING CONDITIONS 
Supply Voltage, VCC 1.1... eee eee nee 8V to 40V 
Reference Output Current..................00. 0 to 20mA 
Current through Ct Terminal ............. -0.03mA to -2mA 


Timing Resistor, RT... 0... .. 0... cee eee 1.8kQ to 100kQ2 


Timing Capacitor, CT...............000. 0.001 pF to 0.1uF 
Operating Ambient Temperature Range 
UGVO24 pc amines a Oaks Rae eeaa eee -55°C to +125°C 
O28 24 ine oui 3 arets dignt ah giartn Wa ae ee -25°C to +85°C 
WCG525 36 i Pe atiou tel ceeanateheone es 0°C to +70°C 


Oscillator Frequency vs 
Timing Components 


— <1 — es 
See 


OSCILLATOR FREQUENCY (Hz) 
R 


TIMING RESISTOR - R T(kQ) 


Output Saturation Voltage 
vs Load Current 


= 
y 
< 
be 
fe 
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z= 
Oo 
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PRINCIPLES OF OPERATION 


The UC1524 is a fixed-frequency pulse-width-modulation 
voltage regulator control circuit. The regulator operates at 
a frequency that is programmed by one timing resistor 
(RT), and one timing capacitor (CT), RT establishes a con- 
stant charging current for CT. This results in a linear volt- 
age ramp at CT, which is fed to the comparator providing 
linear control of the output pulse width by the error ampli- 
fier. The UC1524 contains an on-board 5V regulator that 
serves as a reference as well as powering the UC1524’s 
internal control circuitry and is also useful in supplying ex- 
ternal support functions. This reference voltage is lowered 
externally by a resistor divider to provide a reference 
within the common-mode range of the error amplifier or 
an external reference may be used. The power supply 
output is sensed by a second resistor divider network to 
generate a feedback signal to the error amplifier. The am- 
plifier output voltage is then compared to the linear volt- 
age ramp at CT. The resulting modulated pulse out of the 


UC1524 
UC2524 
UC3524 


high-gain comparator is then steered to the appropriate 
output pass transistor (Qi or Q2) by the pulse-steering 
flip-flop, which is synchronously toggled by the oscillator 
output. The oscillator output pulse also serves as a blank- 
ing pulse to assure both outputs are never on simultane- 
ously during the transition times. The width of the 
blanking pulse is controlled by the valve of Cr. The out- 
puts may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or paral- 
leled for single-ended applications in which the frequency 
is equal to that of the oscillator. The output of the error 
amplifier shares a common input to the comparator with 
the current limiting and shutdown circuitry and can be 
overridden by signals from either of these inputs. This 
common point is also available externally and may be 
employed to control the gain of, or to compensate, the er- 
ror amplifier or to provide additional control to the regula- 
tor. . 





TYPICAL APPLICATIONS DATA 
Oscillator 


The oscillator controls the frequency of the UC1524 and is 
programmed by RT and CT according to the approximate 
formula: 

1.18 
RrCr 


where RT is in kilonms 
CT is in microfarads 
f is in kilohertz 


Practical values of CT fall between 0.001 and 0.1 micro- 
farad. Practical values of RT fall between 1.8 and 100 
kilohms. This results in a frequency range typically from 
120 hertz to 500 kilohertz. 


Blanking 


f = 


The output pulse of the oscillator is used as a blanking 
pulse at the output. This pulse width is controlled by the 
value of Cr. If small values of CT are required for fre- 
quency control, the oscillator output pulse width may still 
be increased by applying a shunt capacitance of up to 
100pF from pin 3 to ground. If still greater dead-time is re- 
quired, it should be accomplished by limiting the maxi- 


mum duty cycle by clamping the output of the error ampli- 
fier. This can easily be done with the circuit below: 


VREF 
(8) 1N916 
Comp (9) > 


Gnd (8) 


Synchronous Operation 


po 5k 


When an external clock is desired, a clock pulse of ap- 
proximately 3V can be applied directly to the oscillator 
output terminal. The impedance to ground at this point is 
approximately 2 kilohms. In this configuration RT CT must 
be selected for a clock period slightly greater than that of 
the external clock. 


If two or more UC1524 regulators are to operated synchro- 
nously, all oscillator output terminals should be tied together, 
all CT terminals connected to single timing capacitor, and 
the timing resistor connected to a single RT, terminal. The 
other Rt terminals can be left open or shorted to VREF. Mini- 
mum lead lengths should be used between the CT termi- 
nals. 
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UC1524 
UC2524 
UC3524 


Single-Ended LC Switching Regulator Circuit 


i 


Se) ©) th 


(8) 


Er 


ee 

es 
(3) 
(0) 


Open Loop Test Circuit 
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INTEGRATED 
CIRCUITS 


aa UNITRODE 
Advanced Regulating Pulse Width Modulators 


FEATURES 


Fully Interchangeable with 
Standard UC1524 Family 


Precision Reference Internally 
Trimmed to +1% 


High-Performance Current Limit 
Function 


Under-Voltage Lockout with 
Hysteretic Turn-on 


Start-Up Supply Current Less 
Than 4mA 


Output Current to 200mA 
60V Output Capability 


Wide Common-Mode Input 
Range for both Error and 
Current Limit Amplifiers 


PWM Latch insures Single 
Pulse per Period 


Double Pulse Suppression 
Logic 


200ns Shutdown through PWM 
Latch 


Guaranteed Frequency 
Accuracy 


Thermal Shutdown Protection 


BLOCK DIAGRAM 


UC1524A 
UC2524A 
UC3524A 


DESCRIPTION 


The UC1524A family of regulating PWM ICs has been designed to retain the 
same highly versatile architecture of the industry standard UC1524 (SG1524) 
while offering substantial improvements to many of its limitations. The UC1524A 
is pin compatible with “non-A” models and in most existing applications can be 
directly interchanged with no effect on power supply performance. Using the 
UC1524A, however, frees the designer from many concerns which typically had 
required additional circuitry to solve. 


The UC1524A includes a precise 5V reference trimmed to +1% accuracy, elimi- 
nating the need for potentiometer adjustments; an error amplifier with an input 
range which includes 5V, eliminating the need for a reference divider; a current 
sense amplifier useful in either the ground or power supply output lines; and a 
pair of (OV, 200mA uncommitted transistor switches which greatly enhance out- 
put versatility. 


An additional feature of the UC1524A is an under-voltage lockout circuit which 
disabies all the internal circuitry, except the reference, until the input voitage has 
risen to 8V. This holds standby current low until turn-on, greatly simplifying the 
design of low power, off-line supplies. The turn-on circuit has approximately 
600mV of hysteresis for jitter-free activation. 


Other product enhancements included in the UC1524A’s design include a PWM 
latch which insures freedom from multiple pulsing within a period, even in noisy 
environments, logic to eliminate double pulsing on a single output, a 200ns ex- 
ternal shutdown capability, and automatic thermal protection from excessive chip 
temperature. The oscillator circuit of the UC1524A is usable beyond 500kHz and is 
now easier to synchronize with an external clock pulse. 


The UC1524A is packaged in a hermetic 16-pin DIP and is rated for operation 
from -55°C to +125°C. The UC2524A and 3524A are available in either ceramic 
or plastic packages and are rated for operation from -25°C to +85°C and 0°C to 
70°C, respectively. Surface mount devices are also available. 


+5V 
Reference 
Regulator 


Power to 
Internal 





Osc 


RT 
Cr 


Comp 


Inv. Input 


N.I. Input 
0OmvV 


@) 
(6) 
@) 
(2) 
@) 
2) 
200 
© 


CL (+) Sense 
CL (-) Sense (5) 
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Circuitry 


Fli F 
Flop ) 


Clock 


a ale 


PWM 
fi ass BD uD: 
VIN 


oA Latch 


Shutdown 


Gnd 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voitage (VIN). ........ 0... cc cece eee eee 40V 
Collector Supply Voltage (VC) ........ 00... 60V 
Output Current (each Output)..................0.4. 200mA 
Maximum Forced Voltage (Pin9,10)............. -3 to +5V 
Maximum Forced Current (Pin9,10)............... +10mA 
Reference Output Current .......... 0.0.0.0 c eee eee 50mA 
Oscillator Charging Current .................0000 eee 5mA 
Power Dissipation at TA= +25°C...............05. 1000mW 
Power Dissipation at Tc = +25°C..............44. 2000mW 
Operating Temperature Range ............ -55°C to +125°C 
Storage Temperature Range .............. -65°C to +150°C 
Lead Temperature, (Soldering, 10 seconds) ......... +300°C 


Note: Consult packaging section of Databook for thermal limita- 
tions and considerations of package. 


DIL-16, SOIC-16 (TOP VIEW) 
J or N Package, DW Package 


Inv Input +5V VREF 


Non-Inv Input +VIN 
OSG/Sync Emitter B 
C.L. (+) Sense Collector B 
C.L. (-) Sense Collector A 
RT Emitter A 
Cr Shutdown 


Ground Compensation 





8 14 
9 10 11 12 13 


CONNECTION DIAGRAMS 


PLCC-20, LCC-20 (TOP VIEW) 
Q or L Package 


UC1524A 
UC2524A 
UC3524A 


PACKAGE PIN FUNCTION 


N 
N 
R 
N 


| +5VVrer | 20 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN 


= Vc = 20V, TA= Ty. 


PARAMETER TEST CONDITIONS 


Turn-on Characteristics 

Input Voltage 
| Tum-onThreshold == | 
| Tum-on Current VIN 


Tum-on Hysteresis* Le eee 


Reference Section 


Output Voltage Ty = 25°C 
Over Operating Range 
Line Regulation VIN = 10 to 40V 


Ty =125°C, 1000 Hrs. 


|UC1524A/UC2524A | UC3524A 
[Min | TYP | MAX | MIN | TYP | MAX 


* These parameters are guaranteed by design but not 100% tested in production. 
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UC1524A 
UC2524A 
UC3524A 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN 
= Vc = 20V, TA= Ty. 


UC1524A/UC2524A | ss UC3524A— C=” 
decisis restconomons [ww [rye [max | wn | typ [ max 
Oscillator Section (Unless otherwise specified, Rt = 2700, Ct = 0.01 mfd) | 


| tile Accuracy fuses a 
___|Over OperatingRange | 40.2 || 459 
[Temperature Stabiiy"__{Over Operating Temperature Range | ___1_1_2_ 
ae Se 
00 |__| 


a ree eee 
| OutputPulsewidtht® | 
| RampPeak | 8 
Enamel, ee 
_ | Error Amplifier S Section (Unless otherwise specified, Vcm = 2.5V) 

input Offset Votage en as) 
| inputBiasCurent | 
Input Offset Curent__f_ 
a nae 1 
Galr-Bandwidthe _[Tu =25°C,Av=0dB__| 1_| 
si ba Comparator (RT = 2kQ, CT = oor 
|_Minimum Duty Cycle [Vcomp=osv— | | | | 
| Maximum Duty Cycle [Vcomp=3.8v | 5 | nae 





























a 
| _Common Mode Rejection Ratio |Vinns) =-0.3V10+5.6V_ | 50 
|_Power Supply Rejection Ratio |Vin=10to4ov | 850 
Pe ae 


Delay Time* Pin 4 to Pin 9, ine 300mV 


Output Section (Each Output) 


Collector Emitter Voltage ic= = T00uA 60 | 
Collector Leakage Current VcE = 50V holed 


* These parameters are guaranteed by design but not 100% tested in production. 

§ DC transconductance (gm) relates to DC open-loop voltage gain according to the following equation: Av = MRL 
where Ri is the resistance from pin 9 to the common mode voltage. : 
The minimum gm specification is used to calculate minimum Av when the error amplifier output is loaded. . 

Note 1: Min Limit applies to output high level, max limit applies to output low level. 
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UC1524A 
UC2524A 
UC3524A 


ELECTRICAL CHARACTERISTICS: unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN 
= Vc = 20V. TA= Ty. 


|UC1524A/UC2524A | UC3524A_ 
___ranaweren | _resrcowormons [tn {ref wax | mn [ TE Wa 


Output Section ( cont.) (Each Output 


Saturation Voltage Ic = 20mA La V 
Ic = 200mA 2.2 Vv 
! 17 


Emitter Output Voltage We=50mA —s—“‘LS C8 | 18 | 
| RiseTimee [TY = 25°C, R= 2k | 120 _| 
Fall Time* Ts = 25°C, R = 2kQ 














sa 
: eee! 
| Comparator Delay* [T= 25°C, PinQtooutput | 
| Shutdown Delay* [Ty = 25°C, Pin 10tooutpt |_| 200 
| Shutdown Threshold |Ty=25°C,Rc=2KQ | OG 
|__S/D Threshold Over Temp. __|Over Operating Temperature Range | 0.4 __ 
| ThermalShutdownt | 


* These parameters are guaranteed by design but not 100% tested in production. 





OPEN-LOOP CIRCUIT 


Collector A |12 
D.ULT. Collector B H13 
Emitter A 
Error Amp Current Limit 
eo Emitter B 
NI. Inv (+) — (-) 
Ct Input Input Comp Sense Sense S/D Gnd 


7 Tmo] soo] T 
| Shutdown 
Cr 


E/A C/L 
Control Control 
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UC1524A 










UC2524A 
UC3524A 
Supply Current vs Voltage _ Error Amplifier Voltage Gain 
and Phase vs Frequency 
o 
~~ AS) 
< y 80 ee 
E z ~ | cH VIN = 20V 9 
if = 60 ee 25°C] | go 
z © 7am aa a ee ° 
< 40 |Rin30k0}-+} S 
: RS oe a a al Ba ESS bi 
oO FL is impedance from pin § x 
fs > 20 /to ground. Values below > 
1 5 30k wil begin to limit the m 
S -180° 
z -270° 
ro) -360° 


100 ik 10k 100k iM 10M 


SUPPLY VOLTAGE - VIN (V) FREQUENCY - (hZ) 





Pulse Width Modulator , | Oscillator Frequency 
Transfer Function vs Timing Components 


as PE RE Gee ES Ge Re Sl 
EER» eS EO Se BR a 
SARS (eae on ee 


Oo 


[Pe 
o 


i 
L | | Ths. 
: 
: 


SS —_ ——— 


NM 
© 


‘Note: Duty Cycle is 
‘ percent of two clock 
periods that one 
output conducts. 


cod 
© 
OSCILLATOR FREQUENCY (Hz) 


DUTY-CYCLE (ONE OUTPUT) - % 


S Scetemesaninon —olasrs 
a 

IE oe Ls Een 
4 § 


10 
5.0 


2.0 
1.0 
eaeeses Game oa ae ed es a a 


fed nw 0 cee 
eee et ee od ee ee 
05 Ce ra 
i EE i ee 
a a ae a ee | 
0.2 |_| |Note: 


Dead Time=osc output pulse 
ae width plus output delay 
1 2 5 10 20 50 100 50 100 150 200 250 
TIMING CAPACITOR - Cr (nF) OUTPUT COLLECTOR CURRENT (mA) 


OUTPUT DEAD TIME (/s) 
COLLECTOR-TO-EMTTER VOLTAGE (V) 


So 


0.1 
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UC1524A 
UC2524A 
UC3524A 


Current Limit Amplifier Delay 


—, Output At Pin 9 et 


Shutdown Delay From PWM Comparator - Pin 9 


CCC 
CCC a 
COTTE 


tl 
+H Pie SOR 3 Se 


mp Inout At Pin 9 


ell 

aap Note: Minimum 

ae RS seer pulse width to 
TTT P atch is 200ns 
0 1 2 3 
DELAY TIME (, s) 





















Input At Pin “ 


T = 
p= -48 Pin 2 Tied To Pin 16 






ae Pin 5 Grounded 
Se a a ee Ga 
2 3 
DELAY TIME (, s) 





Turn-Off Delay From Shutdown - Pin 10 


OUTPUT (V) 





— Input at Pin 10 


Note: Minimum input pulse width to 
latch is 200ns 


DELAY TIME (18) 


> ie 
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- INTEGRATED 
CIRCUITS 


aan UNITRODE 


Mi, —UC1525A/27A 
\=2 = UC2525A/27A 
rae ae UC3525A/27A 






Regulating Pulse Width Modulators 


FEATURES DESCRIPTION 

¢ 8to 35V Operation The UC1525A/1527A series of pulse width modulator integrated circuits are de- 

&. Ga Raterenes Tamed 6 signed to offer improved performance and lowered external parts count when used 
#£1% in designing all types of switching power supplies. The on-chip +5.1V reference is 


trimmed to +1% and the input common-mode range of the error amplifier includes 
¢ 100Hz to SOOkHz Oscillator the reference voltage, eliminating external resistors. A sync input to the oscillator 


Range allows multiple units to be slaved or a single unit to be synchronized to an external 
° Separate Oscillator >r Sync system clock. A single resistor between the CT and the discharge terminals pro- 
Terminal vides a wide range of dead-time adjustment. These devices also feature built-in 


soft-start circuitry with only an external timing capacitor required. A shutdown termi- 
* Adjustable Deadtime Control —_ ja} controls both the soft-start circuitry and the output stages, providing instantane- 


© Internal Soft-Start ous turn off through the PWM latch with pulsed shutdown, as well as soft-start 
| recycle with longer shutdown commands. These functions are also controlled by 
¢ Pulse-by-Pulse Shutdown an undervoltage lockout which keeps the outputs off and the soft-start capacitor 
¢ Input Undervoltage Lockout discharged for sub-normal input voltages. This lockout circuitry includes approxi- 
with Hysteresis mately 500mV of hysteresis for jitter-free operation. Another feature of these PWM 
circuits is a latch following the comparator. Once a PWM pulse has been termi- 

* _Latching PWM to Prevent nated for any reason, the outputs will remain off for the duration of the period. The 
Multiple Pulses latch is reset with each clock pulse. The output stages are totem-pole designs ca- 

¢ Dual Source/Sink Output pable of sourcing or sinking in excess of 200mA. The UC1525A output stage fea- 
Drivers tures NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR 


logic which results in a HIGH output level when OFF. 


BLOCK DIAGRAM 


@ 


Reference ? Te —— ae 
+VIN (15) Regulator Lockout sh 


Gnd (12) To Internal 


Sync © 
RT (6) 


é 
CT (5) eet 
I 
Comp )— 


; 


eg ee ee ee 


Output A 


Circuitry 
“O Out 


feed 


feed 
Inv Input (1) ol 
N.I. Input (2) 
Soft-Start Ope 


Shutdown G0)—v 





| 
L 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, (+VIN) . 0.2.0... 0. cece eens +40V 
Collector Supply Voltage (Vc) ........... 0.00 +40V 
LOGIC INDUIS 2s. 2.5.9 Coase acest Obnn atees -0.3V to +5.5V 
Analog Inputs .............. 0... eee eee eee -0.3V to +VIN 
Output Current, Source or Sink ................050. 500mA 
Reference Output Current .......... 0.0.0.0 cee eee 50mA 
Oscillator Charging Current ........... 0.0.00. e eee 5mA 
Power Dissipation at TA = +25°C (Note 2).......... 1000mW 
Power Dissipation at Tc = +25°C (Note 2).......... 2000mW 
Operating Junction Temperature ........... -55°C to +150°C 
Storage Temperature Range .............. -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds).......... +300°C 


Note 1: Values beyond which damage may occur. 
Note 2: Consult packaging Section of Databook for thermal 
limitations and considerations of package. 


CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) 
J or N Package 


Inv Input VREF 


N.I. Input +VIN 


Sync Output B 
Osc Output Ve 
CT Ground 
RT Output A 
Discharge Shutdown 


Soft-Start Compensation 





UC1525A/27A 


UC2525A/27A 
UC3525A/27A 
RECOMMENDED OPERATING CONDITIONS 
(Note 3) 
Input Voltage (+VIN) ...... 0... ccc cece eee ee +8V to +35V 
Collector Supply Voltage (Vc) .............. +4.5V to +35V 
Sink/Source Load Current (steady state)........ 0 to 100mA 
Sink/Source Load Current (peak).............. 0 to 400mA 
Reference Load Current...............0000 eee 0 to 20mA 
Oscillator Frequency Range.............. 100Hz to 400kHz 
Oscillator Timing Resistor................. . . 2kQ to 150kQ 
Oscillator Timing Capacitor................ .001 uF to 0.1 pF 
Dead Time Resistor Range .................00- 0 to 500Q 
Operating Ambient Temperature Range 
UC1525A, UC1527A...............06- -55°C to +125°C 
UC2525A, UC2527A.... 6... eee cee -25°C to +85°C 
UCS526A; UCSS ATA: e5iw ae ho BAG ea 0°C to +70°C 


Note 3: Range over which the device is functional and 
parameter limits are guaranteed. 


PLCC-20, LCC-20 (TOP VIEW) 


PACKAGE PIN FUNCTION 
FUNCTION 


SYNC 


Q, L Package 


N/C 

f ut 
Discharge 
N/C 
Vc 


| Vaer | 20 


8 14 
9 10 11 12 13 


1 
3 
7 
11 
12 
17 
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UC1525A/27A 
UC2525A/27A 
UC3525A/27A 


ELECTRICAL CHARACTERISTICS: +vin = 20V, and over operating temperature, unless otherwise specified, TA = Tu 


UC1525A/UC2525A UC3525A 
UC1527A/UC2527A UC3527A — 






















PARAMETER TEST CONDITIONS 








| MIN | Typ | Max | MIN | TYP | MAX | 
Reference Section : 
| OutputVoltage Tues 5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 5.20 | V | 
a ee 
| Load Regulation | = Oto 20mA |_| 20 | 50 | | 20 | 50 | mv | 
| Temperature Stability (Note 5) [Over OperatingRange sss s|_ S| 20 | 50 | ~~ | 20 | SO] 
| Total Output Variation (Note 5) _|Line, Load, and Temperature | 5.00 | —s | 5.20 | 495 | | 5.25 | V_| 
| Shorter CirouitCurrent__——|[VneF=0,Ty=25°C | S| 80 (| 100 | | 80_| 100 | ma | 
| Output Noise Voltage (Note 5) |10Hz<10kHz,Ts=25°C | | 40 | 200 | | 40_| 200 [pvrms 
| Long Term Stability (Note5) — [Tu=128°¢ | S| 2 | 0 | | 20 | 50 | mv | 
Oscillator Section (Note 6) 
| Initial Accuracy (Notes5&6) |[Ts=25°C | S| ee | te | | 2 | 26 | % 
| Voltage Stability (Notes5&6) |Vn=s8tossv = “ss | Sf 03 | et | | et | ee | % 
| Minimum Frequency [R= 200kQ,Cr=0.tmF | | S| tz | | S| t2.0 |e 
| Maximum Frequency [RT =2kQ,Cr=470pF_ | 400 || S| S| 400 | S| |e 
| Current Mirror i nt=2mA sd | 20 | 22 | 17 | 20 | 22 | ma_ 
| Clock Amplitude (Notes5&6) | sss S| 30 | 35 | =| so [35 | [ v 
|_Clock Width (Notes5&6) — |Ts=25°C | 8 | 05 | 10 | 05 | 10 | ps 
| SyncThreshold | dH | 0 | 8 | 20 | 28 | v | 
| Syncinput Current [Sync Voltage = 3.5V fo | 25 | | 1.0 | 25 | mA | 
rtec ed 


Input Offset Current 
DC Open Loop Gain RL = 10MQ 


Gain-Bandwidth Product Av = OdB, Tu = 25°C 
(Note 5) 

DC Transconductance Ty = 25°C, 30kQ = Ri s 1MQ 
(Notes 5 & 7) 


Vom = 1.510 5.2V 
VIN = 8 to 35V 


Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ, CT = 0.01unF, Ro = 0Q). Approximate oscillator frequency is defined by: 
1 
i CT (0.7RT + 3Rb) 
Note 7: DC transconductance (gm) relates to DC open-loop voltage gain (Av) according to the following equation: Av = gMRL 
where RL is the resistance from pin 9 to ground. 
The minimum gm specification is used to calculate minimum Av when the error amplifier output is loaded. 


or 


~N ~N 
= 
ro) 
= 
a 
N 


on 
—_h, 
(oo) 
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UC1525A/27A 
UC2525A/27A 
UC3525A/27A 


ELECTRICAL CHARACTERISTICS: +vin = 20V, and over operating temperature, unless otherwise specified, Ta = Tu 


UC1525A/UC2525A UC3525A UNITS 
PARAMETER TEST CONDITIONS UC1527A/UC2527A UC3527A 


_ MIN | TYP | MAX | MIN | TYP | MAX | 


Fa a a a 
49 | | 45 | ao | | me 
o7 | oo | |v 
36 | | 33 | 36 | v | 
o5 | 10] | 05 | 10 | yA | 


| 50 | 80 | 25 | 50 | 80 | yA 
}o4 | o7 | | o4 | o7 | v_ 

To outputs, Vss = 5.1V, Tu = 25°C os | 10 | o6 | o8 | 10] v | 

Shutdown Input Current VsD = 2.5V | mA | 


Shutdown Delay (Note 5) Vsb = 2.5V, Ty = 25°C | | o2 | o5 | =| o2 | o5 | ps | 
Output Drivers (Each Output) (Vc = 20V) 

Output Low Level tswk=20mA | oe | 4 || 2 | 04 | Vv | 
tsnk=100mA_ | dt to | 20 | | 0 | 20 | Vv 

Output High Level lsounce=20mA_ | 18 | to | | ta | 19 | | 
tsounce=100mA_ tt | 8 | | ts | 

| Under-Vottage Lockout__—_—|VcowpandVss=High sss | 6 =| 7 | 8 | 6 | 7 | 8 | Vv | 
| VcOFF Current (Note7) —|Ve=36V_— ET || 00 | 
| Rise Time (Notes) |Cu=tnF,Tu=26°C | S| 100 | 600 |__| 100 | 600 | ns _| 
Cu = Inf, Ty = 25°C | | 50 | soo | | 50 | 300 | ns | 


Total Standby Current 


| Supply Current Vw=zov_ | te | co | 14 | 20 | ma 


Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ, CT = 0.01uF, Ab = O22). 
Note 7: Collector off-state quiescent current measured at pin 13 with outputs low for UC 1525A and high for UC1527A. 








PWM Comparator 
Minimum Duty-Cycle 
Maximum Duty-Cycle 
Input Threshold (Note 6) Zero Duty-Cycle 

Maximum Duty-Cycle 


. pd 


Olp 
~y | O1 
Wid 
GW | CO 


Input Bias Current (Note 5) 
Shutdown Section 

Soft Start Current 

Soft Start Low Level 

Shutdown Threshold 





VsbD = OV, Vss = OV 
Vsb = 2.5V 


on 





<j<i<cj<cli< 


: 





UC1525A Error Amplifier 


To PWM 
Comparator 
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UC1525A/27A 
UC2525A/27A 
UC3525A/27A 


PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525A Output Circuit UC152 ; ee 
~ (1/2 Circuit Shown) C1525A Output Saturation Characteristics 


Saturation Voltage - (V) 


(+) ae 
Q6 Ommitted 
fa: foe fas") in UC1527A 
5k 310k 10k 


Clock F/F 


Output Current, Source Or Sink - (A) 


+VSUPPLY O To Output Filter +VSUPPLY O 





For single-ended supplies, the driver outputs are In conventional push-pull bipolar designs, forward base 
grounded. The Vc terminal is switched to ground by the drive is controlled by R1-R3. Rapid turn-off times for the 
totem-pole source transistors on alternate oscillator cy- power devices are achieved with speed-up capacitors 
cles. C1 and C2. 





+VSUPPLY 


D1,D2: UC3611 


Low power transformers can be driven by the UC1525A. 
Automatic reset occurs during dead time, when both 
ends of the primary winding are switched to ground. 


The low source impedance of the output drivers provides 
rapid charging of power FET Input capacitance while 
minimizing external components. 
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UC1525A/27A 
UC2525A/27A 
UC3525A/27A 


UC1525A Oscillator Schematic 


Rr (6) 
Cr (5) 


Sync (3) 


ZA) 
Discharge “TL 


ACV) 


Spf 


Blanking 
To Output 


- ee Lie Fy 7 


PRINCIPLES OF OPERATION AND TYPICAL CHAR- 
ACTERISTIC SHUTDOWN OPTIONS 

(See Block Diagram) 

Since both the compensation and soft-start terminals 
(Pins 9 and 8) have current source pull-ups, either can 
readily accept a pull-down signal which only has to sink a 
maximum of 100pA to turn off the outputs. This is subject 
to the added requirement of discharging whatever exter- 
nal capacitance may be attached to these pins. 


An alternate approach is the use of the shutdown circuitry 
of Pin 10 which has been improved to enhance the avail- 
able shutdown options. Activating this circuit by applying 


Oscillator Charge Time 
vs RT and Cr 


Dead Time Resistor-RT ()) 








~nnm2 GiB 9 33s 232 eee 


Charge Time (1s) 





Oo 





a positive signal on Pin 10 performs two functions; the 
PWM latch is immediately set providing the fastest turn- 
off signal to the outputs; and a 150yA-current sink begins 
to discharge the external soft-start capacitor. If the shut- 
down command is short, the PWM signal is terminated 
without significant discharge of the soft-start capacitor, 
thus, allowing, for example, a convenient implementation 
of pulse-by-pulse current limiting. Holding Pin 10 high for 
a longer duration, however, will ultimately discharge this 
external capacitor, recycling slow turn-on upon release. 


Pin 10 should not be left floating as noise pickup could 
conceivably interrupt normal operation. 


Oscillator Discharge Time 
vs RD and CT 


oO 
o 
© 











Dead Time Resistor-Rp (()) 





Gra »28 B88 
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UC1525A/27A 
UC2525A/27A 
UC3525A/27A 


Maximum Value Rp vs Minimum Value RT 


Error Amplifier Voltage Gain 
and Phase vs Frequency 





TAT AS 
eT 
VALI ILL EL 





Open-Loop Voltage Gain - (dB) 


6 8 0 8 12 


Minimum Recommended Rt 
For A Given Ro (K()) 


3 
100 *« 10k 100k 1M 10M 
Frequency (Hz) 


RL is impedance from pin 9 to ground. Values below 
30kQ will begin to limit the maximum duty cycle. 


LAB TEST FIXTURE 
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INTEGRATED 
CIRCUITS 


nee UNITRODE 


Regulating Pulse Width Modulators 


FEATURES 


8 to 35V Operation 


5.1V Buried Zener Reference Trimed 
to+ .75% 


100HZz to 500kKHz Oscillator Range 
Separate Oscillator Sync Terminal 
Adjustable Deadtime Control 
internal Soft-Start 

Pulse-by-Pulse Shutdown 


Input Undervoltage Lockout with 
Hysteresis 


Latching PWM to Prevent Multiple 
Pulses 


Dual Source/Sink Output Drivers 
Low Cross Conduction Output Stage 
Tighter Reference Specifications 


BLOCK DIAGRAM 


UC1525B UC1527B 
UC2525B UC2527B 
UC3525B UC3527B 





%. 
Jz 
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DESCRIPTION 


The UC1525B/1527B series of pulse width modulator integrated circuits are 
designed to offer improved performance and lowered external parts countwhen 
used in designing all types of switching power supplies. The on-chip +5.1V 
buried zener reference is trimmed to +.75% and the input common-mode range 
of the error amplifier includes the reference voltage, eliminating external 
resistors. A sync input to the oscillator allows multiple units to be slaved or a 
single unit to be synchronized to an external system clock. A single resistor 
between the Cr and the discharge terminals provide a wide range of dead time 
adjustment. These devices also feature built-in soft-start circuitry with only an 
external timing capacitor required. A shutdown terminal controls both the soft- 
Start circuitry with only an external timing capacitor required. A shutdown 
terminal controls both the soft-start circuitry and the output stages, providing 
instantaneous turn off through the PWM latch with pulsed shutdown, as well as 
soft-start recycle with longer shutdown commands. These functions are also 
controlled by an undervoltage lockout which keeps the outputs off and the soft- 
start capacitor discharged for sub-normal input voltages. This lockout circuitry 
includes approximately 500mvV of hysteresis for jitter-free operation. Another 
feature of these PWM circuits is a latch following the comparator. Once a PWM 
pulse has been terminated for any reason, the outputs will remain off for the 
duration of the period. The latch is reset with each clock pulse. The output 
stages are totem-pole designs capable of sourcing or sinking in excess of 
200mA. The UC1525B output stage features NOR logic, giving a LOW output 
for an OFF state. The UC1527B utilizes OR logic which results in a HIGH output 
level when OFF. 
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REFFERENCE 
REGULATOR Lockout 


To Internal 
Circuitry 


OSC OUT 


OUTPUT A 


OUTPUT B 


comp (9) 


INV.INPUT (1) 


Nu.INPUT (2) 


SOFT-START (8) 


sHuTDowN (10) 
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UC1525B UC1527B 
UC2525B UC2527B 
UC3525B UC3527B 


CONNECTION DIAGRAMS 


DIL-16, SOIC-16 (Top View) 


PLCC-20, LCC-20 (Top View) 





PACKAGE PIN FUNCTION 
J or N Package, DW Package Q, L Packages FUNCTION T PIN | 
PNG C~—“‘“CSLSOTCC 
, PINVINPUT | 
PNLINPUT | 3 
ey enewn (t ane Ne SE 
| Osc.ouTPuT. | 
melealdl oa 
| 7 
14] OUTPUT B Le a ae 
| DISCHARGE | 
| SOFT-START | 10 
TNCUC™C~C“CsCSSC‘SN Cd 
| COMPENISATION | 12 
11] OUTPUT A 13 
| 
tiene po) sear mmowe P@RouND |_| 
PWC 
SOFT-START | 8 | | 9] COMPENSATION 
| 19 
| 20 | 
ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING CONDITIONS (Note 3) 
Supply Voltage, (+VIN)........0000. Nie ae eed tat, we t40V Input Voltage (+VIN) oo. eee cee esesssseeesseneeeeneneens +8V to +35V 
Collector Supply Voltage (Vc) ....... cee cess cescsseseeesreseereenes +40V = Collector Supply Voltage (Vc)... ceeeeseseeeeeees +4.5V to +35V. 
LOGIC DUS a iicecencpectned go vecomsen asin Rtcevetieeicin cians -0.3V to+5.5V Sink/Source Load Current (steady state) ................. Oto 100mA 
Analog Inputs ............... Mbaneteltce iia eel -0.3Vto+V,, Sink/Source Load Current (peak) ........... cesses 0 to 400mA 
Output Current, Source or SINK ............. eee ebinestuthetets 500mA = Reference Load Current..............:ccccsssssecesseenceeesenees 0 to 20mA 
Reference Output Current ..............ccceccccccecsseseonsececeseeeeseees 50mA Oscillator Frequency Range ...................-:..0+ 100Hz to 400kHz 
Oscillator Charging Current ............. ccs eesseecscscesssresesnseeseseens 5mA = Oscillator Timing Resistor ..............esscsseessenseeees 2kQ to 150kQ 
Power Dissipation at Ta= +25°C (Note 2) ...............00 1000mW Oscillator Timing Capacitor 0.0... eeeeeeees .001,F to 0.1F 
Power Dissipation at Tc= +25°C (Note 2) ................0 2000mW Dead Time Resistor Range ..............::cccccccseceseeereeeceees 0 to 500Q 
Operating Junction Temperature ................... -55°C to +150°C Operating Ambient Temperature Range 
Storage Temperature Range .....................s0000 -65°C to +150°C UG 15258, C1527 isc cissvasetactecrscidareeravts -55°C to +125°C 
Lead Temperature (Soldering, 10 seconds) ................ +300°C WUC2525B; C2527 B i. wcsscexsscscssussteceesenadessass -40°C to +85°C 
Note 1: Values beyond which damage may occur. WC3525B; WC3527 Bs ssssedeccccecestecccvcavivesienssa ves 0°C to +70°C 
Note 2: Consult packaging section of databook for thermal Note 3: Range over which the device is functional and parameter 
limitations and considerations of package. limits are guaranteed. 


ELECTRICAL CHARACTERISTICS: +Vin = 20V, and over operating temperature, unless otherwise specified 


UC1525B/UC2525B UC3525B 
UC1527B/UC2527B UC3527B 










PARAMETER TEST CONDITIONS 





Reference Section 


a 
i 
nN 
oO 
fe} 
©) 


Output Voltage 
Vin = 8 to 35V 
lL = 0 to 20mA 
Over Operating Range 


Line Regulation 

Load Regulation 

Temperature Stability (Note 5) 
Total Output Variation 

Short Circuit Current 

Output Noise Voltage (Note 5) 
Long Term Stability (Note 5) 


Line, Load, and Temperature 
Vrer = 0, Tu =25°C 

10Hz <f < 10kHz, Tu = 25°C 
Tu = 125°C, 1000 Hrs. 
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UC1525B UC1527B 

UC2525B UC2527B 

UC3525B UC3527B 
ELECTRICAL CHARACTERISTICS: +Vin = 20V, and over operating temperature, unless otherwise specified 


UC1525B/UC2525B UC3525B 
PARAMETER TEST CONDITIONS UC1527B/UC2527B UC3527B UNITS 


Oscillator Section (Note 6) 





z 
E 





Ts = 265°C 

Vin = 8 TO 35V 

Over Operating Range 
RT = 200kQ, Cr = 0.1pF 
RT = 2kQ, Cr= 470pF 
IRT = 2mA 


Initial Accuracy (Notes 5 & 6) 
Voltage Stability (Notes 5 & 6) 
Temperature Stability (Note 5) 


H 
o 
3 


Minimum Frequency 
Maximum Frequency 
Current Mirror 


GW | — 
OTN 
QD | — 
ON 


Clock Amplitude (Notes 5 & 6 
Clock Width (Notes 5 & 6) Ts= 25°C 0.3 0.3 1.0 
Sync Threshold 1.2 1.2 


Sync Input Current 


Sync Voltage = 3.5V 
Error Amplifier Section (VCM = 5.1V) 
Input Offset Voltage 


ie) Polo 
3 
> 





Input Bias Current 

Input Offset Current 

DC Open Loop Gain 

Gain- Bandwidth Product (Note 5) 
Output Low Level 

Output High Level 


RL 210 Meg Q 
Av = OdB, Ty = 25°C 


~ 
or) 


on he) on on 
fo} are 


Vem = 1.5 to 5.2V 
Vin = 8 to 35V 


Common Mode Rejection 


“I ~I nd He | He ie 
nm 
on) 
=| 
> 


on a 
(o) foe) 


Supply Voltage Rejection 


PWM Comparator 
Minimum Duty-Cycle 





Maximum Duty-Cysle 
Input Threshold (Note 6) 
Input Threshold (Note 6) 
Input Bias Current (Note 5) 


Zero Duty-Cycle 


@ 
w 
w 
ron) 


Maximum Duty-Cycle 


oO 
“SJ 
Oln 
ey] o 


Shutdown Section 
Soft Start Current 
Soft Start Low Level 
Shutdown Threshold 


Shutdown Input Current 





Vsp = OV, Vss = OV 

Vso = 2.5V 

To outputs, Vss = 5.1V, Tu=25°C 
Vsb = 2.5V 

Shutdown Delay (Note 5) Vsp = 2.5V, Tu = 25°C 

Output Drivers (Each Output) (Vc = 20V) 

IsinkK = 20mMA 

IsiInK = 100mA 


IsoURCE = 20mA 


iw) 
o 


nn 
oO 
ine) 
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oO (oe) 


° oo 
Ni o 


nh 


Oo} = © 
on} oO N 





Output Low Level 


Output High Level lsourRce = 100mA 


Undervoltage Lockout Vcomp and Vss = high 
Collector Leakage Vc= 35V 

Rise Time (Note 5) Ci = 1nF, Ts = 25°C 
Fall Time (Note 5) CL = inF, Ts= 25°C 
Cross conduction charge Per cycle, Tu = 25°C 
Total Standby Current 


Supply Current 


—_ 
“J 


on 
oO 


.o) N 
Oo 
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Vin= 35V 20 


Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in progucton: 


e 
° 
E 
> 


6. Tested at fosc= 40khz (Rt = 3.6Q, Cr = .01pF, Ro = 0Q). Approximate oscillator frequency is defined by: f = CT(0.7RT+3Rb) | 
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525B OUTPUT CIRCUIT 
(1/2 Circuit Shown) 


Qe Omitted 
in UC1527B 


TO OUTPUT FILTER 





For single-ended supplies, the driver outputs are grounded. The VC 
terminal is switched to ground by the totem-pole source transistors 
on alternate oscillator cycles. 


+Vsuppry © 


The low source impedance of the output drivers provides rapid 
charging of power FET input capacitance while minimizing external 
components. 





UC1525B UC1527B 
UC2525B UC2527B 
UC3525B UC3527B 


UC1525B OUTPUT SATURATION CHARACTERISTICS — 


SATURATION VOLTAGE (V) 


.01 02 Tt .04.05 .07 .10 2 3 4.5 


OUTPUT CURRENT, SOURCE OR SINK (A) 


+Vsupety © 


In conventional push-pull bipolar designs, forward base drive is 
controlled by R1-R3. Rapid turn-off times for the power devices are 
achieved with speed-up capacitors C, and C2. 


+VsuppeLy © 


Low power transformers can be driven directly by the UC1525A. 
Automatic reset occurs during dead time, when both ends of the 
primary winding are switched to ground. 
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PRINCIPLES OF OPERATION AND TYPICAL eoeSen a 
CHARACTERISTICS UC3525B UC3527B 
SHUTDOWN OPTIONS (See Block Diagram) 
Since both the compensation and soft-start terminals (Pins 9 
and 8) have current source pull-ups, either can readily accept a 
pull-down signal which only has to sink a maximum of 100yA to 
turn off the outputs. This is subject to the added requirement of 
discharging whatever external capacitance may be attached to 
these pins. 






UC1525B OSCILLATOR SCHEMATIC 





An alternate approach is the use of the shutdown circuitry of Pin 
10 which has been improved to enhance the available shutdown 
options. Activating this circuit by applying a positive signalon Pin 
10 performs two functions: the PWM latch is immediately set 
providing the fastest turn-off signal to the external soft-start 










2k 





capacitor. If the shutdown command is short, the PWM signalis | sync (@) = ee 
terminated without significant discharge of the soft-start capaci- Breas ee OUTPUT 
tor, thus, allowing, for example, a convenient DISCHARGE 


Q2 
implementation of pulse-by-pulse current limiting. Holding Pin 
10 high for a longer duration, however, will ultimately discharge 
this external capacitor, recycling slow turn-on upon release. 


ee 





Pin 10 should not be left floating as noise pickup could conceiv- 
ably interrupt normal operation. 


OSCILLATOR CHARGE TIME 
VS. Rt AND Crt 





DEAD TIME RESISTOR, Ro (OHMS) 


2 
= 
ce) 
a 
3 
- 
rd 
o 
D 
a 
f 
So 
z 
= 
E 


ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


VOLTAGE GAIN (dB) 


TO PWM 
COMPARATOR 





FREQUENCY (Hz) 
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LAB TEST FIXTURE | 


VA METER 
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UC1525B UC1527B 
UC2525B UC2527B 
UC3525B UC3527B 


©O-0 _ 


OUT B 





INTEGRATED UC1526 


| CIRCUITS iaoeoe 
mee UNITRODE UC3526 
Regulating Pulse Width Monitor 
FEATURES DESCRIPTION 
¢ 8To35V Operation The UC1526 is a high performance monolithic pulse width modulator 


circuit designed for fixed-frequency switching regulators and other 
power control applications. Included in an 18-pin dual-in-line pack- 
¢  1Hz To 400kHz Oscillator Range age are a temperature compensated voltage reference, sawtooth os- 

: cillator, error amplifier, pulse width modulator, pulse metering and 
eee AON Ore a setting logic, aide low impedance power ef ie Also clades 
¢ Digital Current Limiting are protective features such as soft-start and under-voltage lockout, 
digital current limiting, double pulse inhibit, a data latch for single 
pulse metering, adjustable deadtime, and provision for symmetry cor- 


e 5V Reference Trimmed To +1% 


¢ Double Pulse Suppression 


¢ Programmable Deadtime rection inputs. For ease of interface, all digital control ports are TTL 
and B-series CMOS compatible. Active LOW logic design allows 
*  Under-Voltage Lockout wired-OR connections for maximum flexibility, This versatile device 
¢ Single Pulse Metering can be used to implement single-ended or push-pull switching regu- 
lators of either polarity, both transformerless and transformer cou- 
* Programmable Soft-Start pled. The UC1526 is characterized for operation over the full military 


¢ Wide Current Limit Common Mode Range temperature range of -55°C to +125°C. The UC2526 is characterized 


for operation from -25°C to +85°C, and the UC3526 is characterized 
° TTLYCMOS Compatible Logic Ports for operation from 0° to +70°C. 


e Symmetry Correction Capability 


¢ Guaranteed 6 Unit Synchronization 





BLOCK DIAGRAM 


Vin [7 Reference 
ud Regulator 
— Internal a aa 
—_— ~ Circuitry = 
Sync 


Thermal 
Ro Shutdown 





Output. -B- 


Gnd 


Shut 
Down 
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2) 


Input Voltage (+VIN) 2... 0... cece eee ees +40V 
Collector Supply Voltage (+Vc) ..........0 ccc eee eee . +40V 
LOGIC INDUIS: ois si cae ee ee eee Bees -0.3V to +5.5V 
Analog Inputs .......... 0... cece ce eee ees -0.3V to +VIN 
Source/Sink Load Current (each output) ............. 200mA 
Reference Load Current............ 0... c eee e eee eee 50mA 
Logic Sink Current ........... 0.00 e ee ee ee eee eee ees TSMA 
Power Dissipation at TA = +25°C (Note 2).......... 1000mW 
Power Dissipation at Tc = +25°C (Note 2)..... Celia 3000mW 
Operating Junction Temperature .................. +150°C 
Storage Temperature Range .............. ~65°C to +150°C 
Lead Temperature (soldering, 10 seconds).......... +300°C 


Note 1: Values beyond which damage may occur. 
Note 2: Consult packaging section of databook for thermal 
__ limitations and considerations of package. 


CONNECTION DIAGRAMS 


DIL-18, SOIC-18 (TOP VIEW) 
J or N Package, DW Package 


+Error VREF 


+VIN 


-Error 


Comp Output B 


Css | Ground 


Reset Vc 


-Current 
Sense — 


+Current 
Sense 


Shutdown Ro 


Output A 


Sync 


RTIMING Q} Cr 





PLCC-20, LCC-20 
(TOP VIEW) 
Q and L Packages 





8 14 
9 10 11 12 13 





UC1526 


UC2526 
UC3526 
RECOMMENDED OPERATING CONDITIONS (Note 3) 
Input VONAGS 4 iis icmkn ces Sei eee moose eres .. +8V to +35V 
Collector Supply Voltage ................26- +4.5V to +35V 
Sink/Source Load Current (each output)......... 0 to 100mA 
Reference Load Current ..............0ceeeeee 0 to 20mA 
Oscillator Frequency Range ................ 1Hz to 400kHz 
Oscillator Timing Resistor ................... 2kQ to 150kQ 
Oscillator Timing Capacitor ................00. 1nF to 20uF 
Available Deadtime Range at 40kHz............. 3% to 50% 
Operating Ambient Temperature Range | 
G15 26) sav ah ves acca na eee eee es 55°C to +125°C 
WO 2520 akica tat ean we eee tae sas -25°C to +85°C 
WIGS 20 sais eee sit aa ne wants ae a eareres -0°C to +70°C 


Note 3: Range over which the device is functional and 
parameter limits are guaranteed. 


PACKAGE PIN FUNCTION 


FUNCTION 


N/C 
+Error 
-Error 
Comp. 


Reset 
- Current Sense 
+ Current Sense 


RTIMING 


Output A 


anh 


Output B 
+VIN 
VREF 


20 


ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise _ 


specified, TA= Ty. 






Reference Section (Note 4) __ 






Under -Voitage Lockout 





Note 4: IL = OMA. 


| _MIN | TYP | MAX | 





| OutputVottage Tue 25S 4.95 | 5.00 | 5.05 | 
|_LineRegulation = |+Vin=8toseve =| S| 10 | 20 
| LoadReguiaion == | =Oto2mA || 10 | 80 
| Temperature Stability [Over OperatingTy =| | 15 | 50 
i 
Voltage Range Operating Conditions 

| Short Circuit Current Vner=OV | 25 | 50 | 100 | 
= | | 02 | 04 | 

| (24 | 48 || 


RESET Output Voltage '|VREF = 3.8V 


VREF = 4.8V 










UC1526 / UC2526 


‘ 


Paso [500 [| si0] v | 
{to | 30 mv 
[40 [50 mv 
418 [80 [mv | 
id 
25 [30 | 400 | ma 
[on Tos [Tv _ 
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UC1526 
UC2526 
UC3526 


ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise 
specified, TA= Ty. 





































Scars eil 
MIN | TYP | MAX | MIN | TyP | MAX | 
Oscillator Section (Note 5 
|_Initial Accuracy = |Tu=s aero | | | ee || os | oe | tm | 
| Voltage Stability ss eVin=8tozev | tls | ct | Cf os | 1 | tm 
| Temperature Stability [Over OperatingTy = | S| 7] | to [| 3 | 5 | lm 
| Minimum Frequency R= 150K@,Cr=20pF_ | | | at fT Tt [te | 
| Maximum Frequency |RT=2kQ,Cr=1.0nF sss | 400 | || S| 400 | S| ket 
| SawtoothPeak Voltage —s+V=35v—— || 8.0 | tS || 0 | 85 | UV 
| Sawtooth ValleyVotage Ss xvw=ev— tS | tO | Cf os | xo | vv 
Error Amplifier Section (Note 6) 
| input OffsetVotage ss Asse | | 2 | | 2 | 10 | mv | 
|_InputBiasCurrent | |S 850 | 1000 | -350 | -2000] nv _ 
| input OffsetCurent | | St 8 | too | | 85 | 200 | na | 
| DCOpenLoopGain ss |Fu=t0MQ_—— | | 2 | | co | 72 | | 
Tisai iat Nol at BM ld ME 
100pA 
| LOW Output Voltage [ViN2-VeInv= 150mV, Isink=100nA] | 0.2 | 04 | | 02 | o4 | v | 
| Common Mode Rejection [Assia | | oe | | 70 | 4 || 
| Supply Voltage Rejection |+vin=12to1ev, | | co | | os | co | | oe 
PWM Comparator (Note 5) 
|_Minimum Duty Cycle |Vcompensation=40.av | S| S| oo | CT | | m 
|_Maximum Duty Cycle __(Vcompensation=+3.6v | 45 | a9 | | 45 | ao | | om 
Digital Ports (SYNC, SHUTDOWN, and RESET) 
| HIGH Output Voltage source =40yA (24 | 40 | | 24} 40] |v 
| LOW OutputVottage ss isink=3.6mA || 2 | 4 | | 2 | 4 | Vv 
| HIGH InputCurent — Min=e2ave | 125 | 200 |_| -125 | -200 | pA | 
| LOWInputCurent ss (Mu=voav | | 205 | 360 |__| -225 | -360 | pA | 
Current Limit Comparator (Note 7) 
| SenseVotage sss [Rss5oa | 9 | 100 | 110 | 80 | 100 | 120 | mv | 
| inputBiasCurrent =| 8 | to | | 3 | 10 |] pA 
Soft-Start Section 
| Error Clamp Voltage [RESET = +0.4V | fot | os] | ot | on | vv 
| CsCharging Current RESET =+2.4V | 50 | 100 | 150 | 50 | 100 | 150 | pA | 
Ee EE eee 8 
isource=100mA | 12 | 13 | tt | 3 | | 
pL OupuVetage pane 20m ORO FLO LOB 
Ismk=100mA_ | St te | 20 || 2 | 20 | ov 
| CollectorLeakage Vc =gove | | 80 | 50 | | 50 | 150 | WA 
| RiseTime [CL = 1000pF | {os | os | | o3 | 06 | us | 
| for | o2 | fot | 02 | ps 
Power Consumption (Note 9) 
| StandbyCurrent ss  [SHUTDOWN=+0.4v— |] | 8 | 30 | | 18 | 30 | ma | 
Note 4: IL = OMA. Note 6: Vcm = 0 to +5.2V 
Note 5: Fosc = 40kHz (RT = 4.12kQ + 1%, CT = O.1uF + 1%, Note 8: Ve = +15V 
Rp = 0Q) Note 9: +VIN = +35V, RT = 4.12kQ 
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APPLICATIONS INFORMATION 
Voltage Reference 


The reference regulator of the UC1526 is based on a tem- 
perature compensated zener diode. The circuitry is fully 
active at supply voltages above +8V, and provides up to 
20mA of load current to external circuitry at +5.0V. In sys- 
tems where additional current is required, an external 
PNP transistor can be used to boost the available current. 
A rugged low frequency audio-type transistor should be 
used, and lead lengths between the PWM and transistor 
should be as short as possible to minimize the risk of os- 
cillations. Even so, some types of transistors may require 
collector-base capacitance for stability. Up to 1 amp of 
load current can be obtained with excellent regulation if 
the device selected maintains high current gain. 


“May be required 
c*! with some types | 


——-_ of transistors 


UC1526A 
Reference 
' Regulator 


Figure 1. Extending Reference Output Current 


Under-Voltage Lockout 


The under-voltage lockout circuit protects the UC1526 
and the power devices it controls from inadequate supply 
voltage, If +VIN is too low, the circuit disables the output 
drivers and holds the RESET pin LOW. This prevents 
spurious output pulses while the control circuitry is stabi- 
lizing, and holds the soft-start timing capacitor in a dis- 
charged state. 





The circuit consists of a +1.2V bandgap reference and 
comparator circuit which is active when the reference 
voltage has risen to 3VBE or +1.8V at 25°C. When the ref- 
erence voltage rises to approximately +4.4V, the circuit 


enables the output drivers and releases the RESET pin, 
allowing a normal soft-start. The comparator has 200mV 
of hysteresis to minimize oscillation at the trip point. 
When +ViN to the PWM is removed and the reference 
drops to +4.2V, the under-voltage circuit pulls RESET 
LOW again. The soft-start capacitor is immediately dis- 
charged, and the PWM is ready for another soft-start cy- 
cle. | 


The UC1526 can operate from a +5V supply by connect- 
ing the VREF pin to the +VIN pin and maintaining the sup- 
ply between +4.8 and +5.2V. 
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Figure 2. Under-Voltage Lockout Schematic 


Soft-Start Circuit 


The soft-start circuit protects the power transistors and 
rectifier diodes from high current surges during power 
supply turn-on. When supply voltage is first applied to the 
UC1526, the under-voltage lockout circuit holds RESET 
LOW with Qs. Q1 is turned on, which holds the soft-start 
capacitor voltage at zero. The second collector of Q1. 
clamps the output of the error amplifier to ground, guaran- 
teeing zero duty cycle at the driver outputs. When the 
supply voltage reaches normal operating range, RESET 
will go HIGH. Q1 turns off, allowing the internal 100mA 
current source to charge Cs. Q2 clamps the error ampli- 
fier output to 1VBE above the voltage on Cs. As the soft- 
start voltage ramps up to +5V, the duty cycle of the PWM 
linearly increases to whatever value the voltage regula- 
tion loop requires for an error null. | | 





+Error 
-Error 


Reset 


(4) 


ae CSOFTSTART 


Voltage 
Lockout 


Figure 3. Soft-Start Circuit Schematic 


Digital Control Ports 


The three digital control ports of the UC1526 are bi-direc- 
tional. Each pin can drive TTL and 5V CMOS logic di- 
rectly, up to a fan-out of 10 low-power Schottky gates. 
Each pin can also be directly driven by open-collector 
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APPLICATIONS INFORMATION (cont.) 

TTL, open-drain CMOS, and open-collector voltage com- 
parators; fan-in is equivalent to 1 low-power Schottky 
gate. Each port is normally HIGH; the pin is pulled LOW 
to activate the particular function. Driving SYNC LOW in- 
itiates a discharge cycle in the oscillator. Pulling 
SHUTDOWN LOW immediately inhibits all PWM output 
pulses. Holding RESET LOW discharges the soft-start 
capacitor. The logic threshold is +1.1V at +25°C. Noise 
immunity can be gained at the expense of fan-out with an 
external 2k pull-up resistor to +5V. 





To 20K 
Internal a 
Logic Syne 


( ) Shutdown 


ae 


Q1 


From 
Internal 
Logic 


Figure 4. Digital Control Port Schematic 


Oscillator 


The oscillator is programmed for frequency and dead time 
with three components: RT, CT and RD. Two waveforms 
are generated: a sawtooth waveform at pin 10 for pulse 
width modulation, and a logic clock at pin 12. The follow- 
ing procedure is recommended for choosing timing val- 
ues: 


1. With Rp = 0 (pin 11 shorted to ground) select values 
for RT and CT from Figure 7 to give the desired oscillator 
period. Remember that the frequency at each driver out- 
put is half the oscillator frequency, and the frequency at 
the +Vc terminal is the same as the oscillator frequency. 


2. If more dead time is required, select a large value of 
Rb. At 40kHz dead time increases by 400ns/Q . 


3. Increasing the dead time will cause the oscillator fre- 
quency to decrease slightly. Go back and decrease the 
value of RT slightly to bring the frequency back to the 
nominal design value. 


The UC1526 can be synchronized to an external logic 
clock by programming the oscillator to free-run at a fre- 
quency 10% slower than the sync frequency. A periodic 
LOW logic pulse approximately 0.5us wide at the SYNC 
pin will then lock the oscillator to the external frequency. 





UC1526 
UC2526 
UC3526 


Multiple devices can be synchronized together by pro- 
gramming one master unit for the desired frequency and 
then sharing its sawtooth and clock waveforms with the 
slave units. All CT terminals are connected to the CT pin 
of the master, and all SYNC _ terminals are likewise con- 
nected to the SYNC pin of the master. Slave RT termi- 
nals are left open or connected to VREF. Slave RD 
terminals may be either left open or grounded. 


Error Amplifier 


The error amplifier is a transconductance design, with an 
output impedance of 2MQ . Since all voltage gain takes 
place at the output pin, the open-loop gain/frequency 
characteristics can be controlled with shunt reactance to 
ground. When compensated for unity-gain stability with 
100pF, the amplifier has an open-loop pole at 800Hz. 


The input connections to the error amplifier are deter- 
mined by the polarity of the switching supply output volt- 
age. For positive supplies, the common-mode voltage is 
+5.0V and the feedback connections in Figure 6A are 
used. With negative supplies, the common-mode voltage 
is ground and the feedback divider is connected between 
the negative output and the +5.0V reference voltage, as 
shown in Figure 6B. 


Output Drivers 


The totem-pole output drivers of the UC1526 are de- 
signed to source and sink 100mA continuously and 
200mA peak. Loads can be driven either from the output 
pins 13 and 16, or from the +Vc, as required. 


Since the bottom transistor of the totem-pole is allowed to 
saturate, there is a momentary conduction path from the 
+Vc terminal to ground during switching. To limit the re- 
sulting current spikes a small resistor in series with pin 14 
is always recommended. The resistor value is deter- 
mined by the driver supply voltage, and should be chosen 
for 200mA peak currents. 





Figure 5. Oscillator Connections and Waveforms 
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Figure 6. Error Amplifier Connections 
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Figure 7. Push-Pull Configuration Figure 9. Driving N-channel Power Mosfets 
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TYPICAL CHARACTERISTICS 


Output Driver Deadtime vs Rb Value Under Voltage Lockout Characteristic 
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Error Amplifier Open Loop Gain vs Frequency Current Limit Transfer Function 
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Regulating Pulse Width Modulator 


FEATURES | 
e Reduced Supply Current 


e Oscillator Frequency to 6(00kHz 

e Precision Band-Gap Reference 

¢ 7 to 35V Operation 

¢ _ Dual 200mA Source/Sink Outputs 

e Minimum Output Cross-Conduction 
e Double-Pulse Suppression Logic 

¢ Under-Voltage Lockout 

e¢ Programmable Soft-Start 

¢ Thermal Shutdown - 

¢ TTL/CMOS Compatible Logic Ports 

e 5 Volt Operation (VIN = Vc = VREF = 5.0V) 


BLOCK DIAGRAM 


REFERENCE 
REGULATOR 


te INTERNAL 
CIRCUITRY 
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DESCRIPTION 


The UC1526A Series are improved-performance pulse-width modu-. 
lator circuits intended for direct replacement of equivalent non- “A” 
versions in all applications. Higher frequency operation has been 
enhanced by several significant improvements including: a more ac- 
curate oscillator with less minimum dead time, reduced circuit de- 
lays (particularly in current limiting), and an improved output stage 
with negligible cross-conduction current. Additional improvements. 
include the incorporation of a precision, band-gap reference gener- 
ator, reduced overall supply current, and the addition of thermal 
shutdown protection. — | 


Along with these improvements, the UC1526A Series retains the 
protective features of under-voltage lockout, soft-start, digital cur- 
rent limiting, double pulse suppression logic, and adjustable 
deadtime. For ease of interfacing, all digital control ports are TTL 
compatible with active low logic. 


Five volt (5V) operation is possible for “logic level” applications by 
connecting VIN, Vc and VREF to a precision 5V input supply. Consult 
factory for additional information. * 
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2) 


Input Voltage (+VIN) 20... cee eee +40V 
Collector Supply Voltage (+Vc) .. 0... 0.0... ce eee +40V 
LOGIC INDUIS = a5 catechins ere e eee et -0.3V to +5.5V 
Analog Inputs 2.6044 icaeer ene das ee ea ews -0.3V to +VIN 
Source/Sink Load Current (each output) ............ 200mA 
Reference Load Current..............0 0c ce ee eee 50mA 
Logic Sink Current .. 0.0.0... ce ee 15mA 
Power Dissipation at TA = +25°C (Note 2) ......... 1000mW 
Power Dissipation at Tc = +25°C (Note 2).......... 3000mW 
Operating Junction Temperature .................. +150°C 
Storage Temperature Range.............. -65°C to +150°C 
Lead Temperature (soldering, 10 seconds).......... +300°C 


Note 1: Values beyond which damage may occur. 
Note 2: Consult packaging Section of Databook for thermal 
limitations and considerations of package. 


CONNECTION DIAGRAMS 


| DIL-18, SOIC-18 (TOP VIEW) 
J or N Package, DW Package 





+ERROR VREF 
-ERROR +VIN 
COMP OUTPUT B 
Css GROUND 
RESET Vc 
-CURRENT 
SENSE 
+CURRENT 
SENSE 


OUTPUT A 


SYNC 


SHUTDOWN Ro 


RTIMING Cr 


PLCC-20, LCC-20 
(TOP VIEW) 
Q and L Packages 





UC1526A 


UC2526A 
UC3526A 
RECOMMENDED OPERATING CONDITIONS 
(Note 3) 
INPULV Ollade: «4c yieds.¢ aden encew ea es aees +7V to +35V 
Collector Supply Voltage .................. +4.5V to +35V 
Sink/Source Load Current (each output) ........ 0 to 100mA 
Reference Load Current................. 00005 0 to 20mA 
Oscillator Frequency Range................ 1Hz to 600kHz 
Oscillator Timing Resistor................... 2kQ to 150kQ 
Oscillator Timing Capacitor................. 400pF to 20nF 
Available Deadtime Range at 40kHz ............ 1% to 50% 
Operating Ambient Temperature Range 
WCTS26A4, 2.5 eee ieqees teow Geter ee as -55°C to +125°C 
WO25 26 Ai se eek ueiee a totaa ede aes -25°C to +85°C 
WCS520A ss Succ rato seen es Mee eee 0°C to +70°C 


Note 3: Range over which the device is functional and 
parameter limits are guaranteed. 


PACKAGE PIN FUNCTION 
FUNCTION 


a 
+ERROR 
COMP 


C 


RTIMING 


C 
CT 
NAD ee ete 
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UC1526A 

UC2526A 

: UC3526A 
ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise specified TA = Ty. 


| | UC1526A/UG2526A | __UC3526A__ 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX | | MIN | TYP | MAX | UNITS 

















| OutputVottage Tus t25°C —  —C“(‘i‘“‘;C*C*C‘*d:«AA. 985: | 5,00 | 5.05 | 4,90 | 5.00 | 5.40 | VV 
| ff 2 ft otf 2 | 15 | mv | 
| LoadRegulation —= |= Oto2mA CE | | OT | 20 | mv 
| 1s | 50 | | 15 | 50 | mv | 
ee 
Range Conditions 
| ShortCircuit Current vrer=0v— C(it‘“‘CCC#*C:C«CQ€S| « {| 50 | 100 | 25 | 50 | 100 | mA_ 
Under-Voltage Lockout | | 
| RESET OupueVotage | vesr=96¥ | og od | 1 oe 1 04 |v 
| Vrer=47v “(Cd He | le | 
| Initial Accuracy [Tus 425°C es —“(tSCédEC“(;#;:C‘ST«s iss | wt | | 8 | m 
| Temperate Siablty [over Operating Ta(Netes) ——_{__1_2 18 | 14 1 3 | %_ 
Minimum Frequency __—|RT=150kQ,Cr=20uF (Note5) =| S| S| ot | ST St | He 
sso | | St oso | Skee 
Sawtooth Peak Voltage |+vin=35v 0 eC CidEC sC‘iL QO | BH || 0 | 5 | VV 
| Sawtooth Valley Voltage [+Vin=7v CO tO | Cf OB | tO | 
ae re ie ee a ee 
[Error AmplifierSection(Note7)—— 
|_InputOffsetVoltage — [Ass2k— CT | | || 2 | 10 | om 
p tnpanBies Cuan |__| ae 11000) a8 42000 nA 
| [35 | 100 | | 35 _ | 200 | na | 
| DCOpentoopGain — [Rretomo=—— —“(‘(‘;SCdT C4 | 72 | | | 72 | | 
| HIGH Output Voltage | VpIN1 - VPIN2z 150mV, Isounce=100vA | 36 | 42 | | 36 | 42 | | Vv | 
| LOW Output Voltage [VpiIN2-VPIN1 2 150mV,Isink=100vA | | 02 | 04 | | 02 | 04 | Vv 
| Common Mode Rejection |Ass2kQ_ (CCT | 8H | | 0 | 94 | | 
| Supply Voltage Rejection [+vin=12to1ev ss sCid| SS | BO | | 6 | 80 | | BC 
PWM Comparator (Note 6) : 
|_Minimum Duty Cycle __—[Vcompensation=+0.4V | | | TT 
|_Maximum Duty Cycle __|Vcompensation=+3.6V ss] 45 | 49 | | 45 | ao | 
| 
| HIGH Output Voltage isounce=40vA— | 24 | 4 || 2 | co || 
| LOWOutputVottage —isnx=3.6mA CLC | | 4 | | 2 | 4 | V 
| HIGH InputCurrent — [ViH=424V0— CT S| 125 | 200 || -125 | -200 | pA | 
| LOWiInputCurent ss [Vu=soav CTS 225 | 360 | | -205 | -360 | vA | 
From Pin 8, Ty = 25°C | fico} | fj teo | ns | 
| SenseVottage ss [Rss50Q—— ess—“(is:s*‘“‘CS™CC#d(S;«QO'| 100 | 140 | 80 | 100 | 120 | mv_ 
| InputBiasCurrent = | Cid to TT 3 | 10 | 
From pin7,100mV Overdrive, Ty=25°C | | 260 | ~—s | _—s | 260 | ns 
Note 4: It = OMA. Note 7: VcmM = 0 to +5.2V 


Note 5: Guaranteed by design, not 100% tested in production. Note 8: Vem = 0 to +12V. 
Note 6: Fosc = 40kHz, (RT = 4.12kQ + 1%, CT=0.01pF+ 1%, Note 9: Ve = +15V. 
Rp = 0Q). Note 10:VIN = +35V, RT = 4.12kQ. 
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ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise specified Ta = Tu. 


UC1526A 
UC2526A 













PARAMETER 





TEST CONDITIONS 
























Soft-Start Section 

| for j}os {| [or | o4 | v_ 

| 50 | 100 | 150 | 

Output Drivers (Each Output) (Note 9) 

(125/135 | | 125 | 135 | | 
Isounce=100mA_ | 12 | 1 | 2 | | 

| | o2 | os | | 02 | 08 | 
ismk=100mA 2 | OT 2 | 20 

| | 50 | 150 | | 50 | 150 | 

| RiseTime [Cu =1000pF (Notes) ss | S| os | 6 | | 03 | 086 | 

| fot | o2 | | on | 02 | 

| Cross-Conduction Charge |Peroycle, w=25°C | | | YT | 

Power Consumption (Note 10) 

| Standby Current = [SHUTDOWN=+oav | | 14 | 20 | 14 | 20 | 


Note 4: IL = OMA. 

Note 5: Guaranteed by design, not 100% tested in production. 

Note 6: Fosc = 40kHz, (RT = 4.12kQ + 1%, CT = 0.01pF+ 1%, 
Ro = 0Q). 

Note 7: Vem = 0 to +§.2V 

Note 8: Vem = 0 to +12V. 

Note 9: Ve = +15V. 

Note 10:ViN = +35V, RT = 4.12kQ. 


Open Loop Test Circuit UC1526A 
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APPLICATIONS INFORMATION | 


Voltage Reference 


The reference regulator of the UC1526A is based on a 
precision band-gap reference, internally trimmed to +1% 
accuracy. The circuitry is fully active at supply voltages 
above +7V, and provides up to 20mA of load current to 
external circuitry at +5.0V. In systems where additional 
current is required, an external PNP transistor can be 
used to boost the available current. A rugged low fre- 
quency audio-type transistor should be used, and lead 
lengths between the PWM and transistor should be as 
short as possible to minimize the risk of oscillations. 
Even so, some types of transistors may require collec- 
tor-base capacitance for stability. Up to 1 amp of load 
current can be obtained with excellent regulation if the 
device selected maintains high current gain. 






. =t*May be required 
c*! with some types 
——-+ of transistors 


UC1526A 
REFERENCE 
REGULATOR 


Figure 1. Extending Reference Output Current 


Under-Voltage Lockout 


The under-voltage lockout circuit protects the UC1526A 
and the power devices it controls from inadequate sup- 
ply voltage, If +VIN is too iow, the circuit disables the 
output drivers and holds the RESET pin LOW. This pre- 
vents spurious output pulses while the control circuitry is 
stabilizing, and holds the soft-start timing capacitor in a 
discharged state. 





The circuit consists of a +1.2V bandgap reference and 
comparator circuit which is active when the reference 
voltage has risen to 3VBE or +1.8V at 25°C. When the 
reference voltage rises to approximately +4.4V, the cir- 
cuit enables the output drivers and releases the RESET 
pin, allowing a normal soft-start. The comparator has 
350mvV of hysteresis to minimize oscillation at the trip 
point. When +ViNn to the PWM is removed and the refer- 
ence drops to +4.2V, the under-voltage circuit pulls RE- 
SET LOW again. The soft-start capacitor is immediately 
discharged, and the PWM is ready for another soft-start 
cycle. 


The UC1526A can operate from a +5V supply by con- 
necting the VREF pin to the +VIN pin and maintaining the 
supply between +4.8 and +5.2V. 
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TO RESET 


TO DRIVER A 
TO DRIVER B 


1.2V 
BANDGAP 
REFERENCE 





Figure 2. Under-Voltage Lockout Schematic 
Soft-Start Circuit 


The soft-start circuit protects the power transistors and 
rectifier diodes from high current surges during power 
supply turn-on. When supply voltage is first applied to 
the UC1526A, the under-voltage lockout circuit holds 
RESET LOW with Qs. Q1 is turned on, which holds the 
soft-start capacitor voltage at zero. The second collector 
of Qi clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outputs. 
When the supply voltage reaches normal operating 
range, RESET will go HIGH. Q1 turns o’f, allowing the 
internal 1004A current source to charge Cs. Q2 clamps 
the error amplifier output to 1VBE above the voltage on 
Cs. As the soft-start voltage ramps up to +5V, the duty 
cycle of the PWM linearly increases to whatever value 
the voltage regulation loop requires for an error null. 





VOLTAGE 
LOCKOUT 





TL CSOFTSTART 


Figure 3. Soft-Start Circuit Schematic 
Digital Control Ports 


The three digital control ports of the UC1526A are bi-di- 
rectional. Each pin can drive TTL and 5V CMOS logic di- 
rectly, up to a fan-out of 10 low-power Schottky gates. 
Each pin can also be directly driven by open-collector 
TTL, open-drain CMOS, and open-collector voltage 
comparators; fan-in is equivalent to 1 low-power Schot- 
tky gate. Each port is normally HIGH; the pin is pulled 
LOW to. activate the particular function. Driving SYNC 
LOW initiates a discharge cycle in the oscillator. Pulling 
SHUTDOWN LOW immediately inhibits all PWM output 
pulses. Holding RESET LOW discharges the soft-start 





APPLICATIONS INFORMATION (cont.) 

Capacitor. The logic threshold is +1.1V at +25°C. Noise 
immunity can be gained at the expense of fan-out with an 
external 2K pull-up resistor to +5V. 


20K 


TO 
INTERNAL 
LOGIC 


FROM 


C) SHUTDOWN 


Q2 
INTERNAL a A 
LOGIC 


Figure 4. Digital Control Port Schematic 


Oscillators 


The oscillator is programmed for frequency and dead 
time with three components: RT, CT and RD. Two wave- 
forms are generated: a sawtooth waveform at pin 10 for 
pulse width modulation, and a logic clock at pin 12. The 
following procedure is recommended for choosing timing 
values: 


1. With RD= 0Q (pin 11 shorted to ground) select values 
for RT and CT from the graph on page 4 to give the de- 
sired oscillator period. Remember that the frequency at 
each driver output is half the oscillator frequency, and the 
frequency at the +Vc terminal is the same as the oscilla- 
tor frequency. 


2. If more dead time is required, select a larger value of 
Rp. At 40kHz dead time increases by 400ns/Q. 


3. Increasing the dead time will cause the oscillator fre- 
quency to decrease slightly. Go back and decrease the 
value of RT slightly to bring the frequency back to the 
nominal design value. 


The UC1526A can be synchronized to an external logic 
clock by programming the oscillator to free-run at a fre- 
quency 10% slower than the SYNC frequency. 





A periodic LOW logic pulse approximately 0.5us wide at 





Figure 5. Oscillator Connections and Waveforms 






UC1526A 
UC2526A 
UC3526A 


the SYNC pin will then lock the oscillator to the external 
frequency. 


Multiple devices can be synchronized together by pro- 
gramming one master unit for the desired frequency, and 
then sharing its sawtooth and clock waveforms with the 
slave units. All CT terminals are connected to the CT pin 
of the master and all SYNC terminals are likewise con- 
nected to the SYNC pin of the master. Slave RT termi- 
nals are left open or connected to VREF. Slave RD 
terminal may be either left open or grounded. 
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Figure 6. Error Amplifier Connections 


Error Amplifier 


The error amplifier is a transconductance design, with an 
output impedance of 2MQ. Since all voltage gain takes 
place at the output pin, the open-loop gain/frequency 
characteristics can be controlled with shunt reactance to 
ground. When compensated for unity-gain stability with 
100pF, the amplifier has an open-loop pole at 800Hz. 


The input connections to the error amplifier are deter- 
mined by the polarity of the switching supply output volt- 
age. For positive supplies, the common-mode voltage is 
+5.0V and the feedback connections in Figure 6A are 
used. With negative supplies, the common-mode voltage 
is ground and the feedback divider is connected between 
the negative output and the +5.0V reference voltage, as 
shown in Figure 6B. 


+V SUPPLY O 





Figure 7. Push-Pull Configuration 
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APPLICATIONS INFORMATION (cont.) 
Output Drivers 


The totem pole output drivers of the UC1526A are de- 
signed to source and sink 100mA continuously and 
200mA peak. Loads can be driven either from the output 
pins 13 and 16, or from the +Vc, as required. 


Since the bottom transistor of the totem-pole is allowed to 
saturate, there is a momentary conduction path from the 


+V SUPPLY © TO OUTPUT FILTER 





Figure 8. Single-Ended Configuration 


TYPICAL CHARACTERISTICS 
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+Vc terminal to ground during switching; however, im- 
proved design has limited this cross-conduction period to 
less than 50ns. Capacitor decoupling at Vc is recom- 
mended and careful grounding of Pin 15 is needed to in- 
sure that high peak sink currents from a capacitive load 
do not cause ground transients. 


1N5819 





Figure 9. Driving N-Channel Power MOSFETs 
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TYPICAL CHARACTERISTICS (Cont.) 
Output Driver Deadtime vs. Rp Value 


(us) 


=N @d S201 VN © oO 
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DEADTIME - 


0 2 46 8 10121416 182022 
Rb - (1) 


Error Amplifier Open Loop Gain vs. Frequency 


OPEN LOOP 











3S 
Zz 
< 
Oo 
LL] 
O 
< 
3 
> 


10 100 1K 10K 100K 1M 10M 
FREQUENCY - (HERTZ) 


Shutdown Delay 


From CL. Comp 
(100mV Overdrive) || 


RESPONSE 
TIME - (us) 


“75 -25 25 75 125 
-50 O 50 100 -150 


JUNCTION TEMPERATURE - (°C) 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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UC1526A 
UC2526A 
UC3526A 


Under Voltage Lockout Characteristic 


123 4 5 
REFERENCE VOLTAGE - (V) 


Current Limit Transfer Function 








= 
= 
: 
= 
a 
” 








0 40 80 120 160 200 
0 60 100 140 180 


DIFFERENTIAL INPUT VOLTAGE - (mV) 


Output Driver Saturation Voltage 


= INC ae 

05 somes tT THT 

LL rill 
i —t+-+7|| 


5 10 20 50 100 200 
ee CURRENT 
SOURCE OR SINK - (mA) 








SATURATION VOLTAGE - (V) 
° 





INTEGRATED 
CIRCUITS 


aa UNITRODE 
Power Supply Supervisory Circuit 


cea - DESCRIPTION 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


Includes Over-voltage, 
Under-voltage, And Current 
Sensing Circuits 


Internal 1% Accurate 
Reference 


Programmable Time Delays 


SCR “Crowbar” Drive Of 
300mA 


Remote Activation Capability 
Optional Over-voltage Latch 


Uncommitted Comparator 
Inputs For Low Voltage 
Sensing (UC1544 Series 

~ Only) 


BLOCK DIAGRAM 


U.V. Sense 


NAIL Input 


V REF 


VIN 


Ground 


Inv. Input 


O.V. Sense 





The monolithic integrated circuits contain all the functions necessary to monitor 
and control the output of a sophisticated power supply system. Over-voitage (O.V.) 
sensing with provision to trigger an external SCR “crowbar” shutdown; an under- 
voltage (U.V.) circuit which can be used to monitor either the output or to sample. 


the input line voltage; and a third op amp/comparator usable for current sensing 


(C.L.) are all included in this IC, together with an independent, accurate reference 
generator. 


Both over- and under-voltage sensing circuits can be externally programmed for 
minimum time duration of fault before triggering. All functions contain open collec- 
tor outputs which can be used independently or wire-or’ed together, and although 
the SCR trigger is directly connected only to the over-voltage sensing circuit, it 
may be optionally activated by any of the other outputs, or from an external signal. 
The O.V. circuit also includes an optional latch and external reset capability. 


The UC1544/2455/3544 devices have the added versatility of completely uncom- 
mitted inputs to the voltage sensing comparators so that levels less than 2.5V may 
be monitored by dividing down the internal reference voltage. The current sense 
circuit may be used with external compensation as a linear amplifier or as.a high- 
gain comparator. Although nominally set for zero input offset, a fixed threshold 
may be added with an external resistor. Instead of current limiting, this Circuit may 
also be used as an additional voltage monitor. 


The reference generator circuit is internally trimmed to eliminate the need for ex- 
ternal potentiometers and the entire circuit may be powered directly from either the 
output being monitored or from a separate bias voltage. 


| 9,11] U.V. Indicate 


S.C.R. Trigger 
| 4,41 O.V. Indicate 


iP. 


O.V. Delay 
(221,33) = 
Remote Reset 


C.L. Activate 
Output (Ground To Activate) 


Note: For each terminal, first number refers to 1543 series, second to 1544 series. 


* On 1543 series, this function is internally connected to VREF 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage, VIN... 0... cee eee eet e eee 40V 
Sense Inputs, Voltage Range............. 0... ccc eee eee eee 0 to VIN 
SCR Trigger Current (Note 1) 2.0.0... eee ees -600mA 
Indicator Output Voltage... 0.0... 2... cee eee eee 40V 
Indicator Output Sink Current........0 0.0.0.0... 0 cece eee ees 50mA 
Power Dissipation (Package Limitation)....................00. 1000mW 
Operating Temperature Range 

UCT S43 UC1544 actu otha Che aoe het eeaeeed -55°C to +125°C 

WC2543 C2544. 2.i.oec as sea Petree inka tone -25°C to +85°C 

UG3943; UC3544 5 ijc50 se a d0ad bd dae eae ohare 0°C to +70°C 
Storage Temperature Range .............. 000 cee eens -65°C to +150°C 


Note 1: At higher input voltages, a dissipation limiting resistor, RG, is required. 
Note 2: Currents are positive-into, negative-out of the specified terminal. Con- 
sult Packaging section of Databook for thermal limitations and considerations 
of package. 


CONNECTION DIAGRAMS 


DIL-16, SOIC-16 (TOP VIEW) DIL-18, SOIC-18 (TOP VIEW) UC 1544 
Jor N, DW Package J or N, DW Package UC 2544 
UC 3544 
SCR Trigger VIN SCR Trigger ms _ | 
Remote VREF 
Remote VREF Activate 
metiwale Reset Ground 
Reset Ground 
O.V. Indicate -C.L. Output 
O.V. Indicate C.L. Output 
O.V. Delay Offset/Comp 
O.V. Delay Offset/Comp 
O.V. NI. Input C.L. N.I. Input 
O.V. Input C.L. N.I. Input 
O.V. Inv. Input C.L. Inv. Input 
U.V. Input C.L. INV. Input UV. NL Input iV: Andicate 
-U.V. Delay U.V. Indicate U.V. Inv. Input U.V. Delay 








PLCC-20, LCC-20 PACKAGE PIN FUNCTION 
(TOP VIEW) | FUNCTION —|_—~PIN 
Q or L Package N/C 

SCR Trigger 

Remote Activate 

Reset 

O.V. Indicate 


| OV.NIInput | 8 | 
| OV.INV. Input [| 9 | 
| UV.Delay | 12_— 
9 10 11 12 13 U.V. Indicate 


Ground 
VREF 


| 19 
i ees ae 


PLCC-20, LCC-20 PACKAGE PIN FUNCTION 


(TOP VIEW) 


Q or L Package N/C 
SCR Trigger 


U.V. Indicate 
C.L. INV. Input 
C.L. N.1. Input 
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UC1543  UC1544 
UC2543 UC2544 
a , UC3543 UC3544 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1543 and UC1544; -25°C to +85°C for the UC2543 and UC2544; and 0°C to +70°C for the UC3543 and UC3544; and for VIN = 
5 to 35V. Electrical tests are performed with Vin = 10V and 2k22 pull-up resistors on all indicator outputs. All electrical specifications 


for the UC1544, UC2544, and UC3544 devices are tested with the inverting over-voltage input and the non-inverting under-voltage 
input externally connected to the 2.5V reference. TA = Ty. 











ee el 
PARAMETER TEST CONDITIONS UC2543/UC2544 
| MIN | TYP | MAX | MIN | TYP | MAX | 
45 | | 40 [45 { | 4 | v 
TuntoTwmax ss ss i | || 
| Supply Currant bts 40M, Quiput Open, Ty= 26°04} __t_7 | 4g 1 __{_7 {19 | ma 
TunsTusTmax CTC TCT 8 ml 
Reference Section , i 
| 2.48 | 250 | 252 | 245 | 250 | 255] Vv 
| Output Voltage ss“ [Over TemperatureRange =—s—(“<as | 245 || | 40 | | 60] VC 
| LineRegulation —=s_—s |Vin=Sto30v.—— w—“(is‘“‘“(‘(;‘iLSSSC*dTCC C4 |] UTE at | 5 | om 
| LoadRegulation _—|ineF=Oto10mA— CS Ct | to TCT ct | 10 | om 
| ShortCircuitCurrent__—s[VneF=O08=—— s—(i‘“‘“‘*‘;*‘*‘“‘;*‘*dSCH-22«~*«dS;«CWDO| -40'| -12- | -20 | -40 | mA 
| Temperature Stability | | =~ = ss | Ss | 50 | CS dT S| 50 | ppm} 
SCR Trigger Section 
12 | 13 | | 12] 13 | Uf hv 
VIN = 40V | | o fort hf oo fF lon | vv 
| Remote ActivateCurrent_ |R/APin=Gnd = CT | | OB || 04 | 08 | mA | 
| Remote Activate Voltage |[R/APinOpen  =-s—s— § SC] S| 2 | ol h|CLCLCUdT ck | oh CU 
| ResetCurrent _—s——s([Reset=Gnd,R/A=Gnd CT | 4 | 8 || 04 | 08 | mA, 
| ResetVoltage _—s——s([Resetopen,R/A=Gnd ss | | ol TLCUdT ck | TU 
| Output Current Rise Time |RL=502,T=25°C,Co=0 =| ~—ss || 400 | — | S| 400 |_| mAs | 
| Prop. Delay fromR/A _—s[RL=50Q,T=25°C,Co=-0  ~=——— ss | S| 00 | Ss] S| 300 | Ss] 
Prop. Delay from O/V input |RL=500,Ts=25°C,Co=0  =—— ss} S| SO ||| || Ss] 
Comparator Section 
Input Threshold (Input =» [T= 25°C CitC*‘“‘;*‘*d«C2«4H | 5! | 25H | 2.40 | 250 | DEO] V_ | 
== a ie Kd Kd ll 
falling on ULV.) 
| InputHysteresis, | s—“‘“‘imRSCié‘ésC SC | sm 
| _InputBias Current _——[Senseinput=-ov, CTC CTC | tO] | 03 | 1.0 [ A | 
| DelaySaturation =—=s_s | s—“‘“C;SSC*drSCtédT COT tS TT 2 | oS | VC 
| DelayHighLevel =| —“‘“(C*‘C:*s:*sSCSTSC‘idECU GZ | | Tl Tl 
| DelayChargingCurrent |Vo=0 =—ss—————C—C~C*d:«C?200 | -250 | -300 | -200 | -250 | -300 | A 
IL = 10mA | ft o2 | os | UL 2 | O85 | UV 
VIND = 40V | | or | cto] | or | 40 | pa | 
Input Over Drive=200mV,Ty=25°C,Co=0 | | 400 | | | 400 | | ns | 
| Input Over Drive =200mV, Ty=25°C,Co=twF |  —ss| 10 | S| S| 10 | S| om 
Current Limit Section 
| InputVoltageRange =| —“‘“CS;SSCCC*ST (COO CT stv] op | [Vin av 
| InputBiasCurrent__—[OffsetPinOpen,Vem=O  =—— | S| 03 | 10 | | 03 | 10] pA 
| Input OMsetVotiage ——_Ofset Fin Open, Wem =f} 0) 10} 10 to 
| 10k from Offset PintoGnd sss =| 80 | 100 | 120 | 80 | 100 | 120 | mv | 
| CMAR «dO sVomst2V,Vin=15V— —C“(tsé‘iLC S| 70. «|| ~Ss| 0 | 70 | | BC 
~~ cinta warciwev ||| | 7| "| |e 
; {Ru = 10k to 15kQ, AVouT = 1 to 6V 
| OutputSaturation ss fu=10mA— — —“‘“‘;‘iLSCS*C‘édL COON |] OOS |) | OD | OOF | VI 
| OutputLeakage —s——ss[Vino=40v,—— es e—“‘“(;CSSC*drTSCC*dT:«C ttt | | | 10 | op 
| Small Signal Bandwidth |Av=0dB,Tu=25°C CT CT TTT 8 Mz 
| Propagation Delay = |Voverprive=100mV,Tu=25°C ss | S| 200 | ~~ | S| 200 |_| ns 


z 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


SCR Trigger Power Limiting Comparator Input Hysteresis 


0) 


RECOMMENDED SERIES GATE 
RESISTANCE, Re FOR USE WITH 
HIGHER SUPPLY VOLTAGES 


Re SERIES GATE RESISTANCE - ( 
DELAY OUTPUT VOLTAGE - (V) 


0 5 10 5 20 25 30 35 40 
Vw SUPPLY VOLTAGE - (V) 


Activation Delay vs Capacitor Value 
1.0 
2.5 C 
ID 


#10ms / UF 





NH 
BER er ease 
Eades eles MEN 


DELAY CAPACITANCE - (Microfarads) 
VtH THRESHOLD VOLTAGE - (mV) 


DELAY TIME - (Milliseconds) Rt THRESHOLD SETTING RESISTOR - (()) 





Current Limit Amplifier Gain Current Limit Amplifier Frequency Response 


Vin = 10V 
RL = 2k 
Ty = 25°C 





OPEN LOOP VOLTAGE GAIN - (dB) 
OPEN LOOP VOLTAGE GAIN - (dB) 
PHASE ANGLE - (°) 


10k 
FREQUENCY - (Hz) 


Note: RT is connected from Offset Pin to Gnd. Values of 
RT below 5.0k may cause Amplifier Cutoff at -55°C. 


FREQUENCY - (Hz) 


GAIN MAGNITUDE 
PHASE ANGLE 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


APPLICATIONS (Pin numbers given for UC1543 series devices) 
Typical Application 







The values for the external components are determined 

















as follows: 
BIAS SUPPLY ings ; : 
FROM POWER SUPPLY Dip NDIcATORS = Current limit input threshold, VTH = ie 
cs is determined by the current loop dynamics 
VrH Vo R2 
Peak current to load, IP « isc + Rec ( eah | 
Short Circuit Current, Isc = Bla! 
Con 7" Rise 
sss 2.5 (R4 + R5+ Re) 
L t voltage limit, Vo (Low) = ——_______-_——- 
ow output voltage limi (Low) sa Re 
2.5 (R4 + A5+ Re) 


High output voltage limit, Vo (High) = 
Voltage sensing delay, tp = 10,000Cd 


Re 


VIN -§ 
0.2 





SCR trigger power limiting resistor, Ra > 


Sensing Multiple Supply Voltages 





BIAS SUPPLY TO LM139 COMPARATORS 
MAIN 
POSITIVE 
SUPPLY 
TO SHUTDOWN 
CIRCUIT 
GROUND 
MASTER POWER SUPPLY 
ADDITIONAL CONDITION INDICATOR 
POSITIVE 
SUPPLY 
NEGATIVE 
UPPLY 
VOLTAGE 
input Line Monitor Overcurrent Shutdown 


MAIN 
SUPPLY 
BUS 


BIAS 
VOLTAGE 
LINE UC1543 


SOR an 
INPUT CROWBAR 





PIN 7 aes (eee aree 
INPUT | 2.5V 


. ¢- i: — 2.5V 
8 SUPPLY 


PIN 
' DELAY BUS 
RETURN 


PIN 9 
OUTPUT [4 OEE 
: ON 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX 603-424-3460 
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|_|] eueorrs™ UC1575-5/12/15 


aan UNITRODE UC2575-5/12/15 
UC2575HV-5/12/15 

Simple 1 Amp Step-Down Fixed Voltage Regulators PRELIMINARY 

FEATURES DESCRIPTION 

* 5V, 12V and 15V Output, The UC1575/UC2575 family of devices provides all the active functions 
+3% Max Over Line and Load necessary to implement a simple step-down (buck) switching regulator. 
Conditions Utilizing a minimum number of external components, these regulators 

* Guaranteed 1A Output Current offer a simple, high efficiency replacement for popular three-terminal 

- Wide Input Voltage Range From adjustable linear regulators, greatly reducing, and in many cases 
VouT+2V to 40V (60V for HV) eliminating, the need for a heat sink. 

* Requires Only 4 External Components 

¢ 52 kHz Fixed Frequency Internal The UC1575/UC2575 series features an output voltage of 5V, 12V or 
Oscillator -15V (see Table 1) and is capable of driving a 1A load while maintaining | 

* Low Power Standby Mode, excellent line and load regulation. Other features include internal 
la Typically < 200 pA frequency compensation, an on-chip fixed frequency oscillator with a 

- Efficiency Typically Over 80% +3% tolerance, and output voltage with +2% tolerance within specified 

* Uses Readily Available Standard input voltages and output load conditions. External shutdown with a 
Inductors standby current of 200uA is provided. The output switch includes cycle- 

* Thermal Shutdown and Current Limit by-cycle current limiting and thermal shutdown for full protection under 
Protection fault conditions. 

¢ 100% Electrical Thermal Limit Burn-in 

¢ Replacement for LM2575 Series A standard series of inductors and capacitors are available from several. 


manufacturers optimized for use with the UC1575/UC2575 series. This 
feature greatly simplifies the design of switched mode power supplies. 





APPLICATIONS 
¢ Simple High-Efficiency Step-Down (buck) 
Regulator CONNECTION DIAGRAM 
¢ Efficient Pre-Regulator for Linear 5-PIN TO-220 (TOP VIEW) 
Regulators 


T-PACKAGE 


On-Card Switching Regulators 

Positive to Negative Converter (Inverting, 
Buck-Boost) 

Isolated Flyback Converter using Minimum 
Number of External Components 

Negative Boost Converter 





BLOCK DIAGRAM 


ON/OFF 


FIXED GAIN 
ERROR AMP 


CURRENT 
LIMIT 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the UICC Sales Office/Distributors for 
availability and specifications. 


Maximum Supply Voltage 

LG boy (o9) € | 5-1-7 6 Serene mre neta a ire eee 45V 

C257 SAV ctestrnseets femanaternekneiie aes v1 63V 
ON/OFF Pin Input Voltage.................... -0.3<V<+40V 
Output Voltage to Ground (Steady State) .................. -1V 
Power Dissipation ...................cccceeee Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Minimum ESD Rating 

(C= 100' pF R= 1.5 KO) nc eicasest es 2 kV 

PB PIR PIA) eee cessed 1kV 
Lead Temperature 


(SOIGETING,. VO'SCC. oath Shc aoccuas oe uote rane 260°C 


TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) 


CiNcdtkceteouimeskot ante. 100 uF, 75V Aluminum Electrolytic 
COUT cessact died creators 330 pF, 15V Aluminum Electrolytic 

220 uF, 15V Aluminum Electrolytic for UC2575-5 
DN tecottcreienabstoshesestasavasantur casunseuacnaance Schottky, MBR360 
Lol aojanastancnspicsontzausaonniees 330 WH (PE-52627) for UC2575-5 


470nH (AIE-430-0634) for UC2575-12 
680uH (AIE-415-0935) for UC2575-15 
5-Pin TO-220 Socket................. 2936 (Loranger Mfg. Co.) 
4-Pin TO-3 Socket... ee 8112-AG7 (Augat Inc.) 


UC1575-5/12/15 













UC2575-5/12/15 
UC2575HV-5/12/15 
OPERATING RATINGS 
Maximum Junction Temperature ................ccccccce 150°C 
Temperature Range oe 
WC 1975: eccconstecssaehiosavessttaiagie: -55°C < Ty < +150°C 
UC2575/UC2575HV .............0008 -40°C < Tu < +125°C 
Supply Voltage | 
C15 (SIC 257 5 x ieticeicccsesea shins cau eteece ae eer 40V 
WC 2S SAN estes e cts eeeltcaeiaeh cacti amon nickacce tees 60V 


Output 
Rating (40V) Rating (60V) 

[ veasrsrs0 | ucasrsHvrso| 50 
UC2575T-15 UC2575HVT-15 
UC1575K-5.0 | 

vows | | eo 

Pucrsrxis | «| 







Temperature 
Range — 





-40°C<Ts<+125°C 








-55°C<Tus+150°C 


TABLE 1 


FEEDBACK 


4 
UC2575HV 


UNREGULATED 
DC INPUT* 


+{ SIN GND] 3 ON/OFE 


OUTPUT 





FIGURE 1 


Note: Pin numbers are for the TO-220 package 
* 7-40V (6OHV) for-5, 15-35V (60HV) for-12, 17-40V (6OHV) for-15 


As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the 
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane 


construction should be used for best results. 
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UC1575-12 
UC2575-12 
UC2575HV-12 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1575-12 
and -40°C to +125°C for the UC2575-12/UC2575HV-12, Ta =Tu). Unless otherwise specified, Vin = 25V, and ILOAD = 200mA. 


UC1575-12 UC2575-12 
UC2575HV-12 
sea TESTCONDITIONS _| MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNITS 


SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 
11.88| 12.0 2.12 | 11.76 12.24 Ga 


Output Voltage VIN = 25V, ILOAD = 0.2A V 
11.52 12.48 | 11.40 12.60 

12.0 12.0 V 
11.64 12.36 | 11.52 12.48 


Circuit of Figure1, Ts = 25°C 
11.40 
































7 








0.2A < ILoaD < 1A,15V < VIN < 40V 
Circuit of Figure 1 

TJ = 25°C 

0.2A< ll oap S$ 1A, 15V < Vin s 60V 
Circuit of Figure 1 

Ty = 25°C 


Output Voltage 
UC1575/UC2575 

















Output Voltage 
UC2575HV 







11.52 








DEVICE PARAMETERS 


Oscillator Frequency 


















(Note 9) 
TJ = 25°C 









Saturation Voltage 





Max Duty Cycle (ON) (Note 4) Ty = 25° 


Current Limit Peak Current (Note 3) 
’ Ty = 25°C 


Output Leakage Current } Vin = 40V, Tu = 25°C, Output = OV 
Vin = 6OV for HV Output = -1V 
(Note 6) Output = -1V 


(Note 6) 






















Quiescent Current 













é Standby Quiescent 
Current 


Thermal Resistance 








ON/OFF Pin = 5V (OFF) 

Ty = 25°C 

K Package, Junction to Ambient 
K Package, Junction to Case 
T Package, Junction to Ambient (Note 7) 
T Package, Junction to Ambient (Note 8) 
T Package, Junction to Case 


ON/OFF CONTROL Test Circuit Figure 1 
ON/OFF Pin Logic VouT = OV 
Input Level Vout = 5V 
Ty = 25°C _ 
| ON/OFF Pin = 5V (OFF) (Ty = 25°C) 


ON/OFF Pin = OV (ON) (Ty = 25°C) 











































ON/OFF Pin Input 
| Current 
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UC1575-15 
UC2575-15 
UC2575HV-15 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1575-1 
and -40°C to +125°C for the UC2575-15/UC2575-15HV, Ta=Tu). Unless otherwise specified, VIN = 30V, and ILoAD = 200mA. a 


oe UC2575-15 
PARAMETER | _ TEST CONDITIONS 


UC1575-15 UC2575HV-15 
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 


TYP. | TYP. 
Output Voltage = VIN = 30V, ILoAD = 0.2A 14.85 
| Circuit of Figure1,Ts= 25°C 
Output Voltage . | 0.2A< ILOAD <s 1A,18V < VIN < 40V 
UC1575/UC2575 | 


Circuit of Figure 1 
Output Voltage 


Ty = 25°C 
UC2575HV 















15,30 


15.75 


15.15 | 14.70 | 15.0 





15.60 | 14.25 


15.0 5.0 


15.45 | 14.40 


14.25 


15.60 
15.83 





0.2A < ILoaD < 1A, 18V < VIN< 60V 
Circuit of Figure 1 
Ty = 25°C 








14.40 15.68 


oak ak 

B Sf 

mn ef 

on oo] 
e| 


15.0 














DEVICE PARAMETERS 

Oscillator Frequency . (Note 9) 62 5 63 | KHz 
Ty = 25°C 58 58 

Saturation Voltage lout = 1A (Note 3) - 1.4 
Ts = 25° 1.2 1.2 

_ Max Duty Cycle (ON) | (Note 4) Ts = 25° aa: 
Current Limit Peak Current (Note 3). 3.2 
| Tu = 25°C 3.0 3.0 

Vin = 40V,Ty = 25°C, Output = OV 2 






Output Leakage Current 
| Vin = 60V for HV Output = -1V 


(Note 6) Output = -1V 
Quiescent Current (Note 6) | | 
Tu = 25°C 


500° 
200 | 


500 
200 


Standby Quiescent ON/OFF Pin = 5V (OFF) 
Current Tu = 25°C 


Thermal Resistance K Package, Junction to Ambient . 


oi 
Oo 


AO N i) 
w 
S 
EEE * e 


= 
> 


—_ ot 
oO M 


wo 
ro) 
—_> bh KL 
Ny w| N 
woh oh 
oN, 
= 


K Package, Junction to Case 
T Package, Junction to Ambient (Note 7) 
T Package, Junction to Ambient (Note 8) 
T Package, Junction to Case 


ON/OFF CONTROL Test Circuit Figure 1 


°C/W 


-— lwo hp 
Ny w| No © 









ON/OFF Pin Logic 
Input Level 


2.4 








Vout = OV 
VouT = 5V 


Ta 25°C. ree oe ere 
ON/OFF Pin input ON/OFF Pin=5V (OFF) (Tu=25°C) | | 12 | 30 | 
Current ON/OFF Pin=OV(ON) (Tu=25°C) | | 0 | 10 | 


c 


—_ 
Oo 


—_— —h tk 
NO bh Ww 
wo 


= 
> 
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UC1575-5/12/15 
UC2575-5/12/15 
UC2575HV-5/12/15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate 
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. 


Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system 
performance. When the UC1575/UC2575 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system 
parameters section of Electrical Characteristics 


Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output. 

Note 4: Feedback (pin 4) removed from output and connected to OV. 

Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF. 
Note 6: Feedback (pin 4 ) removed from output and connected to 25V to force the output transistor OFF. 


Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch 
leads in a socket, or on a PC board with minimum copper area. 


Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch 
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads. 


Note 9: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the output 
lower than 3V for UC2575-5.0, or lower than 7.2V for UC2575-12 and lower than 9V for UC2575-15. This self protection features 
lowers the average power dissipation of the IC by lowering the minimum duty cycle from 5% down to approximately 2%. 


Note 10: Refer to RETS UC1575K For current revision of military RETS/SMD. 


Typical Performance Characteristics (Circuit of Figure 1) 
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UC1575-5/12/15 








UC2575-5/12/15 
UC2575HV-5/12/15 
UC1575-15/UC2575-15 
Normalized . 
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INTEGRATED 
CIRCUITS 


ae UNITRODE 


Simple 1 Amp Step-Down Voltage Regulator 


FEATURES 


Adjustable Output 

Reference Voltage +2% Max Over Line 
and Load Conditions 

Guaranteed 1A Output Current 

Wide Input Voltage Range, 4V to 40V 
(60V for HV) 

Wide Output Voltage Range, 1.23V to 
37V (57V for HV) 

Requires Only 6 External Components 
52 kHz Fixed Frequency Internal 
Oscillator 

Low Power Standby Mode, 

la Typically < 200 pA 

Efficiency Typically Over 80% 

Uses Readily Available Standard 
Inductors 

Thermal Shutdown and Current Limit 
Protection 

100% Electrical Thermal Limit Burn-in 
Replacement for LM2575 Series 


APPLICATIONS 


¢ Simple High-Efficiency Step-Down (buck) 


+ Positive to Negative Converter (Inverting, 


Regulator 

Efficient Pre-Regulator for Linear 
Regulators 

On-card Switching Regulators 


Buck-Boost) 
Isolated Flyback Converter Using 


Minimum Number of External Components 


Negative Boost Converter 


BLOCK DIAGRAM 


FIXED GAIN 
ERROR AMP 


UC1575-ADJ 
UC2575-ADJ 
UC2575HV-ADJ 


PRELIMINARY 


DESCRIPTION 

The UC1575-ADJ family of devices provides all the active functions 
necessary to implement a simple step-down (buck) switching regulator. 
Utilizing a minimum number of external components, these regulators 
offer a simple, high efficiency replacement for popular three-terminal 
adjustable linear regulators, greatly reducing, and in many cases 
eliminating the need for a heat sink. 


The UC1575-ADJ series features an output voltage which is adjustable 
from 1.23V to 37V (57V for the HV version) and is capable of driving a 
1A load while maintaining excellent line and load regulation. Other 
features include internal frequency compensation, an on-chip fixed 
frequency oscillator with a +10% tolerance, and output voltage with +2% 
tolerance within specified input voltages and output load conditions. 
External shutdown with a standby current of 200uA is provided. The 
output switch includes cycle-by-cycle current limiting and thermal 
shutdown for full protection under fault conditions. 


A standard series of inductors and capacitors are available from several 
manufacturers optimized for use with the UC1575-ADJ series. This 
feature greatly simplifies the design of switched mode power supplies. 


CONNECTION DIAGRAM 


5-PIN TO-220 (TOP VIEW) 
T-PACKAGE 





Note: Pin numbers are for the TO-220 package 


5/93 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the UICC Sales Office/Distributors for 
availability and specifications. 


Maximum Supply Voltage 


UC1575/UC2575.....ccccccsccssseesesseesee: Mae ABV 


” SUC QS 75SAV fcc sees: cakes ee Mines 63V 
ON/OFF Pin Input Voltage............-sss0 -0.3<V<+40V 
Output Voltage to Ground (Steady State) «0.0.0... -1V 
Power Dissipation .................ccsseseseeeees Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Minimum ESD Rating _ a 

(C = 100 pF, R= 1.5 kQ)...00000.. ALi ceihseahesiaanis 2kV 

PR Pin PU) cx iccda tei seal a Marea ieee: 1 kV 
Lead Temperature 

(Soldering, 10 S@C.) oo... ccc cseeseseeeeneenees 260°C 


TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) 


CIN sti sseeserencadcoinss 100 pF, 75V Aluminum Electrolytic — 
COUT sientermaraees 470 uF, 15V Aluminum Electrolytic 
Bs oes tases Sei aes tetaet: Schottky, MBR360 


7V - 60V 
UNREGULATED 
DC INPUT 


UC1575-ADJ 


UC2575-ADJ | 
UC2575HV-ADJ 
OPERATING RATINGS 
_ Maximum Junction Temperature ................ ets 150°C 
~ Temperature Range "a 
ICA S TS eciescastiee cei he -55°C < TJ < +150°C 
UC2575/UC2575HV ..............066 -40°C < Ws +125°C 
Supply Voltage | pi 
UC 15 7S C2575 iecsnciicouca tpt valvinsangativansatdoiaitanie: 40V 
C25 TTA 255. sovcocctseanadannabeeicvnidemsanoaeeiies v60V 
liscock come seh te nesnans 1k, 0.1%, R2 = 3.065k, 0.1% 
5-Pin TO-220 Socket................ 2936 (Loranger Mfg. Co.) 
4-Pin TO-3 Socket .................000008 8112-AG7 (Augat Inc.) 


FEEDBACK 
4 


OUTPUT 





FIGURE 1 


“Note: Pin numbers are for the TO-220 package 


As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance | 
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the - 
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane 


construction should be used for best results. 
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UC1575-ADJ 
UC2575-ADJ 
UC2575HV-ADJ 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1575 
and -40°C to +125°C for the UC2575/UC2575HV, Ta=Tu). Unless otherwise specified, Vin = 12V and ILOAD = 200 mA. 


UC2575-ADJ 
UC1575-ADJ UC2575HV-ADJ 


SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 


Feedback Voltage ViN= 12V, ILOAD = 0.2A 
Circuit of Figure 

Feedback Voltage 0.2A < ILoaD < 1A, 8V < VIN < 40V 1.193 1.267 | 1.180 1.280 
UC1575/UC2575 VouT = 5V, Circuit of Figure 1 1.230 1.230 V 

Feedback Voltage 1.180 1.286 
1.230 V 

1.273 
ae Z 


Ty = 25°C 
UC2575HV 
ee 
















0.2A < ILOAD < 1A, 8V < VIN < 60V 
VouT = 5V, Circuit of Figure 1 
Ty = 25°C 


Efficiency VIN = 12V, ILOAD = 1A, VouT = 5V 












2 


| 


— 
_ 
i<e) 
ie) 











Current Limit Peak Current (Note 3) ‘ 


Ty = 25°C 

VIN = 40V, Tu = 25°C, Output = OV 
VIN = 60V for HV Output = -1V 
(Note 5) Output = -1V 


(Note 5) 

Ty = 25°C 

ON/OFF Pin = 5V (OFF) 
Ty = 25°C 


K Package, Junction to Ambient 
K Package, Junction to Case 

T Package, Junction to Ambient (Note 6) 
T Package, Junction to Ambient (Note 7) 
T Package, Junction to Case 






DEVICE PARAMETERS 
Feedback Bias Current VouT = 5V 500 500 
50 
Oscillator Frequency (Note 8) 50 62 42 52 63 KHz 
Ty = 25°C 58 47 58 
Saturation Voltage louT = 1A (Note 3) 1.4 1.4 
Ty = 25° 1.2 1.2 
Max Duty Cycle (ON) _| (Note 4) Ty = 25° | 98 | | 93 | ow | 








Output Leakage Current 















manne f°. ph $f 
“I Go| @ “N © 











—~ oo 
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bh Oo 
eae 
°o 
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ON/OFF Pin Logic 
Input Level 






VouT = OV 
VouT = 5V 


Ty = 25°C 






5-75 


UC1575-ADJ 
UC2575-ADJ 
UC2575HV-ADJ 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate 
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. 


Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect seihng regulator system 
performance. When the UC1575/UC2575 Is used as shown in the Figure 1 test circuit, system peHlonnance will be as shown in system 
parameters section of Electrical Characteristics. 


Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output. 
Note 4: Feedback (pin 4) removed from output and connected to OV. 
Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF. 


Note 6: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch 
leads in a socket, or on a PC board with minimum copper area. 


Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch 
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads. 


Note 8: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the 
feedback voltage lower than .7V. This self protection feature lowers the average power dissipation of the IC by lowering the minimum 
duty cycle from 5% down to approximately 2%. 


Note 9: Refer to RETS UC1575K-ADJ For current revision of military RETS/SMD. 


Typical Performance Characteristics (Circuit of Figure 1) 








Supply one, Standby 
vs Duty Cyc => 
29 DUPPY Current ahs Duty Cycle =4 299 Quiescent Current 
| MEASURED AT = 
Z i = 
iS a = a 150 
: e = 
we & = 
oc = = 100 
> Oo ra) 
© > ” 
7 a = 50 
a. a. 
a = o 
2 ? = 
0 S 0 
0 10 20 30 40 50 60 0 20 40 60 80 100 << -75 -50-25 0 25 50 75 100 125 150 
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UC1575-ADJ 


. UC2575-ADJ 
UC1575 Series Buck Regulator Design Procedure UC2575HV-ADJ 
PROCEDURE 
Given: 


Vout = Regulated Output Voltage 

Vin (max) = Minimum Input Voltage 
ILOAD (max) = Maximum Load Current 
F = Switching Frequency (52kHz) 


Example: Vout = 10V, Vin (max) = 25V, ILOAD (max) = 1A, F = 52kKHz. 


1. Programming Output Voltage (Selecting R1 and R2) 


The following formula can be used to select the resistor values for a given voltage: 


R2 
VouT = VREF ( + ne) 


And for a given R1 (between 1K and 10k), 
R2=R1 ae oa ) 


VREF 
Example: 
R2 
VOUT = 1.23( 1+ RT) select R1 = 1K: 
VouT | 2 _10V_ 
R2=Rti (vr 1) = 1k ( 1.23V ” 1 )- 7.13K, use closest 1% value 7.15K. 


2. inductor Selection (L1) 





A. Calculate E*T(VeuS), from the following formula: 


Vout 1000 
EsT = (ViN- VOUT) * “Vig * Fin KH) 


B. Use the EeT value from above and match it with the E*-T number on the vertical axis of the Inductor value selection 
guide shown in Figure 2. 


(VeLS) 


C. On the horizontal axis, select the minimum load current. Find the region intersected by the E*T value and the 
maximum load current value and note the inductor code for the region. 


D. Match the inductor code to the inductor value, using Fig. 3. 
Example: 
Calculating E*T (VeuS): 


E-T = (25- 10) oo 1000 = 115 veus 
25 52 





For ILOAD = 1A and EeT = 115V*uS, Inductor code is H470 and the inductor value is 470u1H. 


3. Output Capacitor Selection (Court) 


A. The dominant pole-pair of the switching regulator loop is defined by the value of the output capacitor and the 
inductor. In order to achieve stable operation the capacitor must satisfy the following requirement. 


VIN (max) 
Cours 7, 7853. (iF) 
Vout » L(wH) 


Example: 


25 
CouT > 7,785 * ———— _ = 130uF 
10 * 150 


For acceptable ripple voltage, select CouT = 220uF electrolytic capacitor. 
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UC1575-ADJ 

UC2575-ADJ 

UC2575HV-ADJ 
The ESR (Equivalent Series Resistance) of the output capacitor is the primary cause of the output ripple voltage and the 
value and the type of the output capacitor determine the amount of ESR and thus the output ripple voltage. In general 
-lower capacitor values have higher ESR ratings. | | 


Capacitor values larger than 680uF will produce an output ripple voltage of 35mV to 50mV, while smaller capacitors 
(220uUF to 680uF) will typicaly cause a ripple of 50mV to 150mV. The following approximate ee could be used in 
determining the output ripple: 


VRIPPLE p-p > 0.3 x ILOAD(max) x ESR 


It is possible to reduce the output ripple to 10mV-20mV by using several standard electrolytic capacitors in parallel or by 
using higher grade capacitors with low ESR and low inductance. However, ESR values lower than 0.05 Ohms can cause 
instability. The capacitor’s ripple current rating at 52kHz should be at least 50% higher than the inductor current ripple: 


IRIPPLE(Max) > 1.5 x 0.3 x ILOAD(max) 


B. The voltage rating of the output capacitor should be at least 1.2 times greater that the output voltage. Fora 10V 
output, a rating of 15V is appropriate, and a 20V rating is recommended. 


4. Catch Diode Selection (D1) 


The current rating of the catch diode must be at least 1.2 times greater than the maximum load current, unless the diode 
is expected to withstand a continuous output short, in which case the current rating of the diode should be equal to the 
maximum current rating of UC2575. 


A. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. 


B. Schottky diodes with fast switching speed and a low forward voltage drop are the most efficient. Some types of 
diodes with an abrupt turn-off characteristic may cause instability and EMI problems. Therefore in general, a fast- 
recovery diode with soft recovery characteristics is recommended. 


See Figure 4 for Schottky and “soft” fast-recovery diode selection guide. 


5. Input Capacitor (CIN) 


To assure stability, the regulator input pin must be bypassed with a by-pass capacitor of at least 47uF, low ESR 
(electrolytic type). If an operation at low temperatures (for example -25°C) is intended, then addition of a ceramic or solid 
tantalum capacitor near the input pin may be required to maintain the capacitance value and low ESR at low temperature. 
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MAXIMUM LOAD CURRENT (A) ~ 


Figure 2. Inductor Value Selection Guide (for Continuous Mode Operation) 
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UC1575-ADJ 






















UC2575-ADJ 
UC2575HV-ADJ 
Inductor Code Inductor Value AIE Pulse Eng. Renco 
(Note 1) (Note 2) (Note 3) 


RL2442 
RL2443 
RL1952 
RL1954 
RL1953 
RLi952 
RL1951 

RL1950 
RL2445 
RL2446 
RL2447 
RL1961 

RL1960 
RL1959 
RL1958 
RL2448 












PE-52627 
: 














430-0636 PE-53116 
430-0635 PE-53117 
430-0634 PE-53118 


— S8OHH | 415-0935 PE-53119 
1000 pH 415-0934 PE-53120 


1500 pH 415-0933 PE-53121 
H2200 2200 wH 415-0945 PE-53122 


Note 1: AIE Magnetics, Div. Vernitron a Passive Components Group, 
(813) 347-2181 2801 72nd Street North, St. Petersburg, FL 33710 


Note 2: Pulse Engineering, (619) 268-2400 
P.O. Box 12235, San Diego, CA 92112 


Note 3: Renco Electronics Inc., 
60 Jeffnyn Blvd. East, Deer Park, NY 11729 (516) 586-5566 


FIGURE 3. Inductor Selection by Manufacturer’s Part Number 












































Fast Recovery 


Schottky 
(nae. ae 


1N5817 
MBR120P 
SR102 





3A 


1N5820 
MBR320P 
SR302 





1N5818 
MBR130P 

11DQ03 

SR103 


1N5819 
MBR140P 
11DQ04 
SR104 


MBR150 
11DQ05 
SR105 





MBR1601 
11DQ06 
SR106 


1N5821 
MBR330 
31DQ03 

SR303 


1N5822 

MBR340 

31DQ04 
SR304 


MBR350 
31DQ05 
SR305 


MBR3603 


31DQ06 
SR306 


The 
following 
diodes are 
all rated 
to 100V 


11DF1 
MUR110 
HER102 





The 
following 
diodes are 
all rated 
to 100V 


31DF1 
MUR310 
HER302 


Figure 4. Diode Selection Chart 
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ooeee UC1576-5/12/15 
am UNITRODE UC2576-5/12/15 
UC2576HV-5/12/15 
Simple 3 Amp Step-Down Fixed Voltage Regulators PRELIMINARY 


FEATURES 

¢ 5V, 12V and 15V Output, +3% Max 
Over Line and Load Conditions 
Guaranteed 3A Output Current 

Wide Input Voitage Range, from 
VouTt+2V to 40V (60V for HV) 
Requires Only 4 External Components 
52 kHz Fixed Frequency Internal 
Oscillator 

Low Power Standby Mode, 

la Typically < 200 pA 

Efficiency Typically Over 80% 

Uses Readily Available Standard 
Inductors 

Thermal Shutdown and Current Limit 
Protection 

100% Electrical Thermal Limit Burn-in 
Replacement for LM2576 Series 


APPLICATIONS 

* Simple High-Efficiency Step-Down (buck) 
Regulator 

¢ Efficient Pre-Regulator for Linear 
Regulators 

¢ On-Card Switching Regulators 

« Positive to Negative Converter (Inverting, 
Buck-Boost) 

* Isolated Flyback Converter using Minimum 
Number of External Components 

* Negative Boost Converter 


BLOCK DIAGRAM 


DESCRIPTION | 

The UC1576/UC2576 family of devices provides all the active functions 
necessary to implement a simple step-down (buck) switching regulator. 
Utilizing a minimum number of external components, these regulators 
offer a simple, high efficiency replacement for popular three-terminal 
adjustable linear regulators, greatly reducing, and in many cases 
eliminating, the need for a heat sink. 


The UC1576/UC2576 series features an output voltage of 5V, 12V or 
15V (see Table 1) and is capable of driving a 3A load while maintaining 
excellent line and load regulation. Other features include internal 
frequency compensation, an on-chip fixed frequency oscillator with a 
+10% tolerance and feedback voltage with +3% tolerance within 
specified input voltages and output load conditions. External shutdown 
with a standby current of 200uA is provided. The output switch includes 
cycle-by-cycle current limiting and thermal shutdown for full protection 
under fault conditions. 


_ Astandard series of inductors and capacitors are available from several 


manufacturers optimized for use with the UC1576/UC2576 series. This 
feature greatly simplifies the design of switched mode power supplies. 


CONNECTION DIAGRAM 


5-PIN TO-220 (TOP VIEW) 
T-PACKAGE 





FIXED GAIN 
ERROR AMP 


Note: Pin numbers are for the TO-220 package 
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UC1576-5/12/15 





UC2576-5/12/15 
UC2576HV-5/12/15 
ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS 
If Military/Aerospace specified devices are required, Maximum Junction Temperature ................: cee 150°C 
please contact the UICC Sales Office/Distributors for Temperature Range 
availability and specifications. WON 916 iets Masti dorsaees: -55°C < TJ < +150°C 
Maximum Supply Voltage UC2576/UC2576HV ................. -40°C < TJ < +125°C 
UG 1S 7G/UIC25 76 wissecc dois cacnauieetectvimsedvtacidoitedieses 45V Supply Voltage 
WIC 25 OY aohactoitntiacetvaste te etna actrees 63V WC15 76/9 C2576 .iscciratonsrretaredsstacriead inca eieead 40V 
ON/OFF Pin Input Voltage................0.0.. -0.3<V<+40V WIG 207 GI coc eee sen teeth aes ce een csa tee eset on ceston tae 60V 
Output Voltage to Ground (Steady State) ............00.... -1V 
Power Dissipation ..................ccceeseeeeees Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Minimum ESD Rating 
(C= 100 DFA = 1.5 KQ) i sc.cscctenidstrescdcaineete, 2 kV 
PB Pin (Pi 4) ciscsaectacscicaeasdsorerenatineonerncus 1 kV Order Number For: Output | Temperature 
Lead Temperature Standard Voltage Voltage Range 
(Soldering, 10 S@C.) .....cccsceccscessestssesseetesessseeeee 260°C Rating (40V)__| Rating (60V 
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) uces7et-12 | uc2s7eHvT-12| 12.0 | -40°C<Tus+125°C 
SINGe pence 100 pF, 75V Aluminum Electrolytic uc2s7eT-15 | UC2676HVT-15| 15.0 __ 
COUT sec erecrast sc ovateneess 1000 uF, 15V Aluminum Electrolytic : a 
Be tat eee Schottky, MBR360 eee | 50 | 
Eg Meteor ere errr eer 100 pH (PE-92108) for UC2576-5 UC1576K-12 are cs “55°CSTIS+ 150°C 
220 wH (PE-53116) for UC2576-12, and UC2576-15 UC1576K-15 PT 18.0 
5-Pin TO-220 Socket................. 2936 (Loranger Mfg. Co.) TABLE 1 
4-Pin TO-3 Socket ........... eee 8112-AG7 (Augat Inc.) 


FEEDBACK 
4 


; UC2576HV 
OUTPUT 


UNREGULATED +1 “IN GND] 3 ON/OFF 
DC INPUT* 





FIGURE 1 
Note: Pin numbers are for the TO-220 package 
* 7-40V (60HV) for-5, 15-35V (GOHV) for-12, 17-40V (6GOHV) for-15 


As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the 
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane 
construction should be used for best results. 
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UC1576-5 
UC2576-5 
Beeveone 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Tae 55°C 1 to +150°C for UC1576- 5 
and -40°C to +125°C for the UC2576- 5/UC2576HV- 5, nee J). Unless otherwise specified, Vin = 12V and ILOAD = 500mA. 


UC2576-5 
| UC1576-5 UC2576HV-5 
PARAMETER TEST CONDITIONS TYP. nye UNITS 
SYSTEM PARAMETERS Note 2) Test Circuit Figure 1 


VIN = 12V, ILOAD = 0.5A 
Circuit of Figure 1, Ts = 25°C aa 50 | 5.050 | 4.200 4. coo | 5.0 | 5. | 5.100 
4.800 5.200 | 4.750 “5.250 
5.0 
4.850 5.150 | 4.800 5.200 


0.5A < ILOAD < 3A, 8V < VIN < 40V 





















Output Voltage 





















Output Voltage 
UC1576/UC2576 





Circuit of Figure 1 
TJ = 25°C 


0.5A < ILOAD < 3A, 8V < VIN < 60V 


Circuit of Figure 1 
TJ = 25°C 


Efficiency VIN = 12V, ILOAD = 3A, VouT = 5V 


DEVICE PARAMETERS 


3 = 25°C 
lout = 3A (Note 3) 
Ty = 25° 


Max Duty Cycle (ON) (Note 4) Tu = 25° 


Tis 225°C 
Output Leakage Current | VIN = 40V, (Ty = 25°C), 
Vin = 60V for HV 


(Note 5) 


Quiescent Current (Note 5) 

Ty = 25°C 
Standby Quiescent ON/OFF Pin = 5V (OFF) 
Current Ts = 25°C 


Thermal Resistance K Package, Junction to Ambient 
K Package, Junction to Case 

T Package, Junction to Ambient (Note 7) 
T Package, Junction to Ambient (Note 8) 
T Package, Junction to Case 


ON/OFF CONTROL Test Circuit Figure 1 


ON/OFF Pin Logic Vout = OV 
Input Level VouT = 5V 


Ty = 25°C 


ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (Tu = 25°C) 
Current ON/OFF Pin = OV (ON) (Ty = 25°C) 
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UC2576HV 
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UC1576-12 
UC2576-12 
UC2576HV-12 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1576-12 
and -40°C to +125°C for the UC2576-12/UC2576HV-12, Ta=Tu). Unless otherwise specified, Vin = 25V and ILOAD = 500mA. 


UC2576-12 
Pes TONE UC2576HV-12 
PARAMETER TESTCONDITIONS = _| Typ. | MAX. | 
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 


Output Voltage Vin = 25V, ILOAD = 0.5A 

Circuit of Figure 1, Tu = 25°C 
Output Voltage 0.5A < ILOAD < 3A,15V < VIN < 40V 
UC1576/UC2576 Circuit of Figure 1 

TJ = 25°C 


Output Voltage 0.5A < ILOAD < 3A, 15V < VIN < 60V 
UC2576HV Circuit of Figure 1 
Ty = 25°C 


Efficiency VIN = 15V, ILOAD = 3A, VouT = 12V 
DEVICE PARAMETERS | a 
Oscillator Frequency (Note 9) 

Ts = 25°C = 
Saturation Voltage louT = 3A (Note 3) 

TJ = 25° 


Max Duty Cycle (ON) (Note 4) Ty = 25° 




















Current Limit Peak Current (Note 3) 
Ty = 25°C 


Output Leakage Current | VIN = 40V, Tuy = 25°C, Output = OV 
VIN = 60V for HV Output = -1V 
(Note 6) Output = -1V 








Quiescent Current (Note 6) 
Ts = 25°C 

Standby Quiescent ON/OFF Pin = 5V (OFF) 

Current TJ = 25°C 

Thermal Resistance K Package, Junction to Ambient 
K Package, Junction to Case 
T Package, Junction to Ambient (Note 7) 
T Package, Junction to Ambient (Note 8) 
T Package, Junction to Case 


~ ON/OFF CONTROL Test Circuit Figure 1 
ON/OFF Pin Logic Vout = OV 
Input Level VouT = 12V 

Ts = 25°C 











ON/OFF Pin Input 
Current ON/OFF Pin = OV (ON) (Ty = 25°C) 
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UC1576-15 
UC2576-15 
UC2576HV-15 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1576-15 
and -40°C to +125°C for the UC2576-15/UC2576HV-15, Ta=Ty). Unless otherwise specified, VIN = 30V and ILoaD = 500mA.. 


PARAMETER TEST CONDITIONS 


SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 


VIN = 30V, ILOAD = 0.5A 

Circuit of Figure 1, Ty = 25°C 
0.5A < ILOAD < 3A,18V < Vin < 40V 
Circuit of Figure 1 


Ty = 25°C 


0.5A < ILOAD < 3A, 18V < Vin s 60V 
Circuit of Figure 1 















UC2576-15 
UC1576-15 UC2576HV-15 


15.0 | 15.15 15.30 
14.40 15.60 | 14.25 15.75 

15.0 15.0 oN 
14.45 15.45 14.40 15.60 
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Output Voltage 
UC1576/UC2576 
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DEVICE PARAMETERS 













Oscillator Frequency (Note 9) 62 42 63 
52 , KHz 
Tu = 25°C 58 47 58 
Saturation Voltage louT = 3A (Note 3) 2.0 
Ty = 25° 14) 448 ¥ 


3s 


Max Duty Cycle (ON) (Note 4) Ty = 25° 


Current Limit Peak Current (Note 3) 
7 TJ = 25°C a 
Output Leakage Current) Vin = 40V, Tu = 25°C, Output = OV 
Vin = 60V for HV Output = -1V 
(Note 6) Output = -1V 
(Note 6) 

Tu = 25°C 

ON/OFF Pin = 5V (OFF) 

Ty = 25°C 

K Package, Junction to Ambient 


K Package, Junction to Case 
| T Package, Junction to Ambient (Note 7) 
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Thermal Resistance 








°C/W 
T Package, Junction to Ambient (Note 8) 
T Package, Junction to Case 











~ ON/OFF CONTROL Test Circuit Figure 1 


ON/OFF Pin Logic VouT = OV 
Input Level VouT = 12V 


Ty = 25°C 


ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (Ty = 25°C) 
Current | ON/OFF Pin = OV (ON) (Ty = 25°C) 
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UC1576-5/12/15 
UC2576-5/12/15 
UC2576HV-5/12/15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate 
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. 


Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system 
performance. When the UC1576/UC2576 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system 
parameters section of Electrical Characteristics 


Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output. 

Note 4: Feedback (pin 4) removed from output and connected to OV. 

Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF. 
Note 6: Feedback (pin 4) removed from output and connected to 25V to force the output transistor OFF. 


Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch 
leads in a socket, or on a PC board with minimum copper area. 


Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch 
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads. 


Note 9: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the output 
lower than 3V for UC2576-5.0, or lower than 7.2V for UC2576-12 and lower than 9V for UC2576-15. This self protection features 
lowers the average power dissipation of the IC by lowering the minimum duty cycle from 5% down to approximately 2%. 


Note 10: Refer to RETS UC1576K For current revision of military RETS/SMD. 


Typical Performance Characteristics (Circuit of Figure 1) 


UC1576-5.0/UC2576-5.0 
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UC1576-15/UC2576-15 


Normalized 
ae Output Voltage 





OUTPUT VOLTAGE CHANGE (mV) 
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OUTPUT VOLTAGE CHANGE (mV) 


UC1576-5/12/15 | 
UC2576-5/12/15 
UC2576HV-5/12/15 


Line Regulation Efficiency 
0 00 


EFFICIENCY (%) 
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CIRCUITS 
UC2576-ADJ 

Se UC2576HV-ADJ 
Simple 3 Amp Step-Down Voltage Regulator PRELIMINARY 
FEATURES DESCRIPTION 
- Adjustable Output The UC1576-ADJ family of devices provides all the active functions 
- Reference Voltage +2% Max Over Line necessary to implement a simple step-down (buck) switching regulator. 

and Load Conditions Utilizing a minimum number of external components, these regulators 
« Guaranteed 3A Output Current offer a simple, high efficiency replacement for popular three-terminal 
* Wide Input Voltage Range, 4V to 40V adjustable linear regulators, greatly reducing, and in many cases 

(60V for HV) eliminating, the need for a heat sink. 
¢ Wide Output Voltage Range, 1.23V to | 

37V (57V for HV) The UC1576-ADJ series features an output voltage which is adjustable 
¢ Requires Only 6 External Components from 1.23V to 37V (57V for the HV version) and is capable of driving a 
¢ 52 kHz Fixed Frequency Internal 3A load while maintaining excellent line and load regulation. Other 

Oscillator features include internal frequency compensation, an on-chip fixed 
* Low Power Standby Mode, frequency oscillator with a +10% tolerance, and output voltage with +2% 

la Typically < 200 pA tolerance within specified input voltages and output load conditions. 
¢ Efficiency Typically Over 80% External shutdown with a standby current of 200uA is provided. The 
¢ Uses Readily Available Standard output switch includes cycle-by-cycle current limiting and thermal 

Inductors shutdown for full protection under fault conditions. 
« Thermal Shutdown and Current Limit 

Protection A standard series of inductors and capacitors are available from several 
¢ 100% Electrical Thermal Limit Burn-in manufacturers optimized for use with the UC1576-ADJ series. This 
* Replacement for LM2576 Series feature greatly simplifies the design of switched mode power supplies. 
APPLICATIONS 
+ Simple High-Efficiency Step-Down (Buck) CONNECTION DIAGRAM 

Regulator 
- Efficient Pre-Regulator for Linear 5-PIN TO-220 (TOP VIEW) 

Regulators T-PACKAGE 
¢ On-Card Switching Regulators 
- Positive to Negative Converter (Inverting, ON/OFF 

Buck-Boost) > FEEDBACK 


* Isolated Flyback Converter Using 
Minimum Number of External Components 
- Negative Boost Converter 


BLOCK DIAGRAM 





FIXED GAIN 
ERROR AMP 


Note: Pin numbers are for the TO-220 package 
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UC1576-ADJ | 


UC2576-ADJ 
UC2576HV-ADJ 

ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS 
If Military/Aerospace specified devices are required, Maximum Junction Temperature ................cccceees 150°C 
please contact the UICC Sales Office/Distributors for Temperature Range 
availability and specifications. | WIG 1516. dasa ncer norte hotevcucnienees -55°C < Tu < +150°C 
Maximum Supply Voltage UC2576/UC2576HV .................. -40°C < TU < +125°C 

UC 1576/UC2576................ccc00e whipuaheuncestsaceuineatns 45V Supply Voltage oh 

C291 ORV cet ivse ics rsh seceaes ara ceseigeaeieasdsceaicseos 63V CIS 76/UC 25716 sirciiccscsisne seh cent ccceanemmiesctund 40V 
ON/OFF Pin Input Voltage..................... -0.3<V<+40V UC2576HV ............:ccccccees aaaeteish teats seastesostcates: wee 60V 
Output Voltage to Ground (Steady State) .................. -1V 
Power Dissipation ......0...0ccccceeeeee Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Minimum ESD Rating 

(C = 100 pF, R= 1.5 kQ).. cece ceeeeeeees 2kV 

FB PIN PIO A) csscercvsanemasederteavtoriesivenreteantes ectemnneeee 1kV 
Lead Temperature 

(Soldering, 10 S@C.) ...........c.essccccesserseececeessseeees 260°C 
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) | | | 
Ci Nps tailatns setae 100 uF, 75V Aluminum Electrolytic FUE pais wisavecsetucednare et asec: 1k, 0.1%, R2 = 3.065k, 0.1% 
COliTmaniesueciss 1000 uF, 15V Aluminum Electrolytic S-Pin TO-220 Socket... 2936 (Loranger Mfg. Co.) 
LD Vsti ace eset atone cmtorc acne se raenenaes Schottky, MBR360 SLO SCNT eee eae 8112-AG7 (Augat Inc.) 
re re Sener 100 pH, Pulse Eng. PE-92108 


FEEDBACK 
4 


OUTPUT 


UC2576HV-ADJ 


7V - 60V CIN = 
UNREGULATED GND | 3 ON/OFF 
DC INPUT 100uE 





FIGURE 1 


Note: Pin numbers are for the TO-220 package | 


As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the 
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane 
construction should be used for best results. | 
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UC1576-ADJ 
UC2576-ADJ 
UC2576HV-ADJ 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1576 
and -40°C to +125°C for the UC2576/UC2576HV, Ta=Ty). Unless otherwise specified, VIN = 12V and ILoAD = 500 mA. 


’ UC2576-ADJ 
sian rae UC2576HV-ADJ 
PARAMETER TEST CONDITIONS ee ee UNITS 
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 
Feedback Voltage VIN = 12V, ILOAD = 0.5A 
| | Vout = 5V, Ty = 25°C 1.217] 1.230; 1.243 | 1.217 | 1.230} 1.243 
Circuit of Figure? 
Feedback Voltage 0.5A < ILOAD < 3A, 8V < VIN < 40V 1.193 1.267 | 1.180 1.280 
UC1576/UC2576 VouT = 5V, Circuit of Figure 1 1.230 1.230 
; Ts = 25°C 1.205 1.255 | 1.193 1.267 
Feedback Voltage 0.5A < ILOAD < 3A, 8V < ViN< 60V 1.180 1.286 
UC2576HV Vout = 5V, Circuit of Figure 1 
eee Zo Ty = 25°C © 1.193 1.273 
ae i a Sa 


Efficiency VIN = = 12V, [Loa = 3A, VourT = 5V 
DEVICE PARAMETERS 
Feedback Bias Current 


























VouT = 5V 
Ty = 25°C 
























Oscillator Frequency (Note 8) 
a ee Ty = 25°C 
Saturation Voltage lout = 3A (Note 3) 
Ty = 25° 






Max Duty Cycle (ON) | (Note 4) Ty= 25° 
Current Limit Peak Current (Note 3) 

ee pppoe ee Ne i ee 
Output Leakage Current | VIN = 40V, ‘Ty = 25°C, ~ Output = OV 
VIN = 60V for HV Output = -1V 


(Note 5) Output = -1V 


Quiescent Current (Note 5) 
Ty = 25°C 


Standby Quiescent ON/OFF Pin = 5V (OFF) 
SUS Ty = 25°C 


K Package, Junction to Ambient 
| K Package, Junction to Case 

T Package, Junction to Ambient (Note 6) 
T Package, Junction to Ambient (Note 7) 
T Package, Junction to Case 


ON/OFF CONTROL Test Circuit Figure 1 


ON/OFF Pin Logic VouT = 0V 
Input Level VouT = 5V 


Ty = 25°C 
ON/OFF Pin = 5V (OFF) (Ty = 25°C) 
ON/OFF Pin = OV (ON) (Ts = 25°C) 
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UC1576 
UC2576-ADJ 
UC2576HV-ADJ 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate 
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. 


Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system 
performance. When the UC1576/UC2576 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system 
parameters section of Electrical Characteristics. 


Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output. 
Note 4: Feedback (pin 4) removed from output and connected to OV. 
Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF. 


Note 6: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch 
leads in a socket, or on a PC board with minimum copper area. 


Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch 
ieads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads. 


Note 8: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which the feedback 
voltage lower than .7V. This self protection features lowers the average power dissipation of the IC by lowering the minimum duty cycle 
from 5% down to approximately 2%. — 


Note 9: Refer to RETS UC1576K-ADJ For current revision of military RETS/SMD. 


Typical Performance Characteristics (Circuit of Figure 1) 
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UC1576-ADJ 


UC2576-ADJ 
UC1576 Series Buck Regulator Design Procedure UC2576HV-ADJ 
PROCEDURE 
Given: 


Vout = Regulated Output Voltage 

VIN (max) = Minimum Input Voltage 
ILOAD (max) = Maximum Load Current 
F = Switching Frequency (52kHz) 


Example: Vout = 10V, VIN (max) = 25V, ILOAD (max) = 3A, F = 52kHz 


1. Programming Output Voltage (Selecting R1 and R2) 


The following formula can be used to select the resistor values for a given voltage: 


R2 
VouT = V ( — ) 
OUT = VREF {1 + Ry 


And for a given R1 (between 1K and 10k), 
R2 = Rt (Yor - 1) 





VREF 


Example: 
R2 
VouT = 1.23 {1 + RT select R1 = 1K: 


Vout 10V 
= ——— - = —— - = 7.1 | 1% value 7.15K. 
R2=Rit (our 1) 1k (1% ) 7.13K, use closest 1% value 


2. Inductor Selection (L1) 





A. Calculate E*T(V*uS), from the following formula: 


Vout 1000 
E*T = (VIN - VouT) * VA * F(in kHz) 


B. Use the EeT value from above and match it with the E*-T number on the vertical axis of the Inductor value selection 
guide shown in Figure 2. 


(V*yS) 


C. On the horizontal axis, select the minimum load current. Find the region intersected by the E.T value and the 
maximum load current value and note the inductor code for the region. 


D. Match the inductor code to the inductor value, using Fig. 3. 
Example: 


Calculating E*T (VepS): 
E-T = (25-10). 12 1000 _ 115 veus 
25 52 | 
For ILOAD = 3A and E*T = 115VeuS, Inductor code is H150 and the inductor value is 150uH. 


3. Output Capacitor Selection (Cour) 


A. The dominant pole-pair of the switching regulator loop is defined by the value of the output capacitor and the 
inductor. In order to achieve stable operation, the capacitor must satisfy the following requirement. 


Coupes 500 aie 
OUT ; 
oe ae Vour-Liuny 


Example: 





aaa tae : R = 221uF 


For acceptable ripple voltage, select Cout = 680u1F electrolytic capacitor. 
5-91 


UC1576-ADJ 
UC2576-ADJ 
UC2576HV-ADJ 


The ESR (Equivalent Series Resistance) of the output capacitor is the primary cause of the output ripple voltage and the 
value and the type of the output capacitor determine the amount of ESR and thus the output ripple voltage. In general 
lower capacitor values have higher ESR ratings. 


Capacitor values larger than 680uF will produce an output ripple voltage of 35mV to 50mV, while smaller capacitors 
(220uF to 680uF) will typicaly cause a ripple of 50mV to 150mvV. The following approximate relationship could be used in 
determining the output ripple: : 


VRIPPLE p-p > 0.3 x ILOAD(max) x ESR 


It is possible to reduce the output ripple to 10mV-20mV by using several standard electrolytic capacitors in parallel or by 
using higher grade capacitors with low ESR and low inductance. However, ESR values lower than 0.05 Ohms can cause 
instability. The capacitor’s ripple current rating at 52kHz should be at least 50% higher than the inductor current ripple: 


IRIPPLE(max) > 1.5 x 0.3 x ILOAD(max) 


B. The voltage rating of the output capacitor should be at least 1.2 times greater that the output voltage. For a 10V 
output, a rating of 15V is appropriate, and a 20V rating is recommended. 


4. Catch Diode Selection (D1) 


The current rating of the catch diode must be at least 1.2 times greater than the maximum load current, unless the diode 
is expected to withstand a continuous output short, in which case the current rating of the diode should be equal to the 
maximum current rating of UC2576. : 


A. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. 


B. Schottky diodes with fast switching speed and a low forward voltage drop are the most efficient. Some types of 
diodes with an abrupt turn-off characteristic may cause instability and EMI! problems. Therefore in general, a fast- 
recovery diode with soft recovery characteristics is recommended. 


See Figure 4 for Schottky and “soft” fast-recovery diode selection guide. 


5. Input Capacitor (CIN) 


To assure stability, the regulator input pin must be bypassed with a by-pass capacitor of at least 47 wF, low ESR 
(electrolytic type). If an operation at low temperatures (for example -25°C) is intended, then addition of a ceramic or solid 
tantalum capacitor near the input pin may be required to maintain the capacitance value and low ESR at low temperature. 


WR 
SSX \<\ SQN 
SSS” Ns" 
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Yj 
hit, 
MLLELLLLL 


4, 
és 


CAB 
CA PLZA, 


£2 


4 


EINES 


E*T (VeuS) 
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a 
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MAXIMUM LOAD CURRENT (A) 
Figure 2. Inductor Value Selection Guide (for Continuous Mode Operation) 
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UC1576-ADJ 
UC2576-ADJ 
UC2576HV-ADJ 

















Renco 
(Note 3) 


inductor Code Inductor Value 





(Note 1) (Note 2) 
are 
nr 
RL1954 

415-0926 PE-52627 RL1952 | 
PE-53114 RL1951 
PE-52629 RL1950 
PE-53115 RL2445 
PE-53116 RL2446 


430-0635 PE-53117 RL2447 
430-0634 PE-53118 RL1961 
415-0935 PE-53119 RL1960 
415-0934 PE-53120 RL1959 


1500 nH 415-0933 PE-53121 RL1958 
2200 WH 415-0945 PE-53122 RL2448 


Note 1: AIE Magnetics, Div. Vernitron ae Passive weal er ets Group, 
(813) 347-2181 2801 72nd Street North, St. Petersburg, FL 33710 


Note 2: Pulse Engineering, (619) 268-2400 
P.O. Box 12235, San Diego, CA 92112 


Note 3: Renco Electronics Inc., 
60 Jeffnyn Bivd. East, Deer Park, NY 11729 (516) 586-5566 


FIGURE 3. Inductor Selection by Manufacturer’s Part Number 


| 3A. | 4A-6A 3A 4A-6A 








































































1N5820 1N5823 
MBR320P 
SR302 





1N5821 
MBR330 




























SOWQ03 











31DQ03 | 31DQ03 ape Als 
SR303 1N5824 | | 2). nen 
diodes are | diodes are 
1N5822 MBR340 all rated all rated 
MBR340 31DQ04 to 100V to 100V 


31DQ04 | 50WQ04 


















SR304 | 1N5825 31DF1 50WF10 
| HER302 | MUR410 
MBR350 | s50WQ05 
31DQ05 HER602 
SR305 
MBR360 | 50WQ06 
Dace | 50SQ060 






SR306 


Figure 4. Diode Selection Chart 
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INTEGRATED 
CIRCUITS - 


aaa UNITRODE 


Simple Step-Up Fixed Voltage Regulators 


FEATURES 

* Requires Few External Components 

« NPN Output Switches 3.0A, Can Stand 

Off 65V 

Extended Input Voltage Range: 2.9V 

to 40V | 

Current-Mode Operation for Improved 

Transient Response, Line Regulation 

and Current Limiting 

* Sleep Mode Feature with Low 
Quiescent Current | 

¢ Soft Start Function Provides Controlled 

Start-up 

52kHz Internal Oscillator 

Output Switch Protected by Current 

Limit, Under-Voltage Lockout and — 

Thermal Shutdown 

Improved Replacement for 

LM2577 Series 


TYPICAL APPLICATIONS 

* Simple Boost and Flyback Converters 

* Transformer Coupled Forward Regulators 
¢ Multiple-Output Designs 


BLOCK DIAGRAM 


CURRENT LIMIT, 
THERMAL LIMIT, AND 
UNDERVOLTAGE SHUTDOWN 
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UC1577-12/15 
UC2577-12/15 


ADVANCED INFORMATION 


DESCRIPTION 

The UC1577 family of devices provides all the active functions 
necessary to implement step-up (boost), flyback, and forward converter 
switching regulators. Requiring only a few components, these simple 
regulators efficiently provide fixed output voltages of 12V or 15V as step- 
up regulators. — , | 


The UC1577 series features a wide input voltage range of 2.9V to 40V. 
An on chip 3.0A NPN switch is included with undervoltage lockout and 
thermai protection circuitry and current limiting. A sleep mode is 
provided with low quiescent current, as well as soft-start mode operation 
to reduce current during start-up. Other features include a 52kHz fixed 
frequency on-chip oscillator with no external components and current 
mode control for better line and load regulation. 


A standard series of inductors and capacitors are available from several 
manufacturers optimized for use with these regulators. (See 
specifications for UC1577-ADJ/UC2577-AD4J for part lists.) 


CONNECTION DIAGRAM 


5-PIN TO-220 (TOP VIEW) 
T-Package 


Vin 
SWITCH 
GND 
FEEDBACK 
COMP 





2.5V 
REGULATOR . 


3A, 65V 
DRIVER NBN 
STAGE SWITCH 


SWITCH 


‘CORRECTIVE 


+ VOLTAGE 
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UC1577-12/15 
UC2577-12/15 


ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING RANGE 
lf Military/Aerospace specified devices are required, Supply Voltage .......... ce ccccesessseseesesesees 2.9< ViIN< 40V 
please contact the UICC Sales Office/Distributors for Output Switch Voltage .................... OV < VswiTcH < 60V 
availability and specifications. Output Switch Current oo... eee ISWITCH < 3.0A 
DUPDIY- VONAGE car sascestacat sens midtatnedincrte Dedbeecteatensteds 45V Se erie ane ey A 
Output Switch Voltage... ccc eee cece eee 65V eR Sd I es i 
Output Switch Current (Note 2) ..-ccccssssssssseeseeee 6.0A UCL 7 Gaerne errme ere er renrenrn artes -40°C < Ty S +125°C 
Power Dissipation.....................cccccecceees Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering, 10 sec.)................ 260°C 
Maximum Junction Temperature .....................00. 150°C 
Minimum ESD Rating 

(C = 100 pF, R= 1.5 QQ)... ccc ccessescesseeteeceeeees 2kV 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta = -55°C to +150°C for UC1577 
and -40°C to +125°C for the UC2577,Ta =Tu.) Unless otherwise specified, Vin = 5V, and ISWITCH = 0. 


UC1577-12 UC2577-12 
{LOAD = 100 mA to 800 mA 


11.40 12.60 | 11.40 12.60 

| Ts = 25°C 11 -—i% 12.40 | 11.60 12.40 
Line Regulation VIN = 2.9V to 12V, ILOAD = 300 mA 100 100 
Ty = 25°C 50 50 


Load Regulation Vin = 5V, ILOAD = 100 mA to 800 mA 
W=25°C 
VIN = = SV, ILOAD = = 800 mA 





PARAMETER TEST CONDITIONS 
SYSTEM PARAMETERS Circuit Figure 1 (Note 3) 
VIN = 5V to 10V 

















Output Voltage 























Efficiency 
_ DEVICE PARAMETERS 
Input Supply Current 













VFEEDBACK = 14V (Switch Off) 
Tid = 25°C 

ISWITCH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 
Ti = 25°C 


85 
HEHE a 
Vcomp = 0, (Sleep beeen 

















250 | 

Input Supply ISWITCH = 100 mA EO 60 2.80 2.60 2.80 
Oscillator Frequency Measured at Switch Pin 22 
ISWITCH = 100 mA 
es ahcb 

Output Reference Measured at Feedback Pin i 3 11.64 is a 
12.26 | 11.76 12.26 | 


Reference Voltage VIN = 2.9V to 40V 
Line Regulation 
Feedback Pin 
Input Resistance 











Ts = 25°C 
ce 


Error Amp Icomp = -30 LA to + 30 LA : 615 

Transconductance Vcomp = 1.0V 3 
. Ty = 25°C 515 

Error Amp Vcome = 1.1V to 1 .9V, Rcomp = 1.0 MQ (Note 4) 

Voltage Gain TIS25°C 


70 
80 
Error Amplifier Upper Limit VFEEDBACK = 10.0V ae -— 
0.55 V 
Ol) “guag 











400 
615 
515 








= 
3 
= 
ro) 





mV 
% 
mA 
mA 
A ; 
V 
kHz 
V 
mV | 
KQ 
VN 
V 


Output Swing Ti=25°C 
~Lower Limit VFEEDBACK = 15.0V 
Ty = 25°C 











0.55 
0.40 
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UC1577-12/15 
UC2577-12/15 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for - = -55°C to +150°C for UC1577 
and “40°C to +125°C for the UC2577,Ta =Tu.) Unless otherwise specified, VIN = 5V, and IswitcH =0. 


UC1577-12 UC2577-12 
PARAMETER - TEST CONDITIONS /MIN. | TYP. | MAX. 


~ DEVICE PARAMETERS Continued 
VFEEDBACK = 10.0V to 15.0V 


+400 
= 10. +200 
Ts = 25°C +130 +300 +130 


Vcompe = 10.0V 
VFEEDBACK = 10.0V 
VcomP = 0.5V 
Ts = 25°C 
VcomP = 1.5V 


ISWITCH = 100mA 
Ty = 25°C 

























Error Amp 
Output Current 














Soft Start Current 

















Maximum Duty Cycle : 








Switch 
Transconductance 


RD 


a 
w@ 


60-7, © ow Oo o/h as 













Switch Leakage VSWITCH = 65V 
Current VFEEDBACK = 1.5V (Switch Off) 
TJ = 25°C 

Switch Saturation ISWITCH = 2.0A 
Voltage VcomP = 2.0V (Max Duty Cycle) 

| Ts = 25°C 
NPN Switch. VcomP = 2.0V 3.0 
Current Limit Ty = 25°C : 3.7 







Thermal Resistance 


K Package, Junction to Ambient 
K Package, Junction to Case 
T Package, Junction to Ambient 
T Package, Junction to Case 

COMP Pin VouT = 0 

Sleep Threshold Ty = 25°C 

COMP Pin Current VcompP = 0 

Ty =25°C 


190 | 110 190 
jefe] sf 


1D} © =) co 
wWolNn fe) wn 





VIN 


L, 100 pH D, 1N5821 | 10k Vout 





220uF 
0.1 pF 
L = 415-0930 (AIE) CouT = Spraque Type 673 D Note: Pin numbers shown are for 
D = Any Manufacturer Electrolytic 680uF, 20V TO-220 (T) Package. 


Figure 1. Circuit used for System Parameters Specifications 
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UC1577-12/15 
UC2577-12/15 


ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING RANGE 
lf Military/Aerospace specified devices are required, Supply Voltage ................::scsessesssssseeeeeeees 2.9 < VIN < 40V 
please contact the UICC Sales Office/Distributors for Output Switch Voltage ................... OV < VswITCH < 60V 
availability and specifications. Output Switch Current oo... eee ISWwITcH < 3.0A 
Junction Temperature Range 
IV NV OTAGO ear en sstetihs ecient rectieacestonias baste: 45V 

dei aie VONAGE csi tien ieeres erage eGo sy i eee eae “S5°C s Tis 150°C 
Output Switch Current (Note 2) -eccccsssssssssssseeeseeeeee 6.0A WG 2577 cpcasierest teen ecoeted: -40°C < Ty < +125°C 
Power Dissipation................cccccccceceseeees Internally Limited 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering, 10 sec.)............... 260°C 
Maximum Junction Temperature ...................cce 150°C 
Minimum ESD Rating 

(C= 100:DF R= 1.5: KO) vecivecsesessesanzevivsnevstanss 2kV 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577 
and -40°C to +125°C for the UC2577,Ta =Ty). Unless otherwise specified, Vin = 5V, and IswiTcH = 0. 


[—raraweren [vest cowomions [wm] ve.] wax | wna | vve. | wax. | uns 


SYSTEM PARAMETERS Circuit Figure 2 (Note 3) 


Output Voltage VIN = 5V to 12V 14.25 15.75 | 14.25 15.75 
ILOAD = 100 mA to 600 mA 
Ty = 25°C 14.50 15.50 | 14.50 ree 50 
Line Regulation VIN = 2.9V to 12V, ILOAD = 300 mA 20 ae! ee 
Ts = 25°C 
Load Regulation VIN = 5V, ILOAD = 100 mA to 600 mA ES 
Tu = 25°C 50 50 


Efficiency Vin = 5V, ILoAD = 600 mA | {| 80 | UT 80 
| 400__ | 


DEVICE PARAMETERS 
14 


Input Supply Current a 
2.80 
=. ” 


















VFEEDBACK = 1.5V (Switch Off) 14 
Tu = 25°C 


ISWITCH = 2.0A, Vcomp = 2.0V(Max Duty Cyde) 






5 


bee 


Bln o |= 
8Sjo n\o 











2.60 
= 





OD? 
PO 






ead 
15.30 


0.55 
0.40 


var 










25°C 14.70 








—s 
r © 
hm Mh nN 


ine) 
S10 
io) 





Ts = 25°C 
Voltage VIN = 2.9V to 40V 
Error Amp IcomMP = -30 HA to + 30 pA 500 
Error Amplifier Upper Limit VFEEDBACK = 12.0V 


a 
Input Supply ewes = 100mA 2.60 270 2.80 
Undervoltage Lockout Ts = 25°C 2.65 2.75 
Oscillator Frequency Measured at Switch Pin 42 
ISWITCH = 100 mA 52 
Ts = 25°C 48 56 
Vcome = 1.0V, Tu= 
Reference Voltage VIN = 2.9V to 40V 
Line Regulation 
Transconductance Vcomp = 1.0V 300 
Tu = 25°C 420 
Output Swing Ty = 25°C 
Lower Limit VFEEDBACK = 18.0V 


Output Reference Measured at Feedback Pin 14.55 15.44 
15 
14.70 15.30 
Feedback Pin 
Input Resistance 
Error Amp Veowe = 1.1V to 1.9V,Roomp = 1.0MQ (Note 4) | 20 
Voltage Gain Ts = 25°C 65 
TJ = 25°C 
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UC1577-12/15 
UC2577-12/15 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = 55°C to +150°C for UC1577 
and -40°C to +125°C for the UC2577,TA =Tv. ) Unless otherwise specified, Vin = 5V, and IswiTcH = 0. . 


ee UC1577-15 UC2577-15 Ce 


DEVICE PARAMETERS Continued 
+90 +400 
~ +200 
+130 ee a = 


















VFEEDBACK = 12.0V to 18.0V 
VcomP = 1.0V 

Ty = 25°C 
VFEEDBACK = 12.0V 
Vcome = 0.5V 

Ty = 25°C 
VcomP = 1.5V 


ISWITCH = 100mA 

Ty = 25°C 1 93 
Switch 
Transconductance 


Switch Leakage VSWITCH = 65V 
Current VFEEDBACK = 1.5V ue Off) 
Ty = 25°C 


ISWITCH = 2.0A 
VcomP = 2.0V (Max Duty Cycle) 
Ty = 25°C | 


VcOMP = = 2. ov. 
Ty = 25°C 









Error Amp 
Output Current 







Soft Start Current 















Maximum Duty Cycle 












Switch Saturation 
Voltage 



















NPN Switch 
Current Limit 








Thermal Resistance 





T Package, Junction to Ambient 
T Package, Junction to Case 
















COMP Pin 
Sleep Threshold 


COMP Pin Current 





L, 100 pH D, 1N5821 10k Vout 





0.1 pF 


220 pF 


Note: Pin numbers 
shown are for T0-220 
(T) package. 


L = 415-0930 (AIE) 

D = Any Manufacturer 

CouT = Spraque Type 673D 
Electrolytic 680 pF, 20V = 


Figure 2. Circuit used for System Parameter Specifications 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the 
. device is intended to be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. 


Note 2: Output current cannot be internally limited when the UC1577/UC2577 is used as a step-up regulator. To prevent damage to the 
switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UC1577/UC2577 is used as a 
flyback or forward converter regulator in accordance to the Application Hints. 


Note 3: External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the 
UC1577/UC2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters. 


Note 4: A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier’s output) to ensure accuracy in measuring AVOL. 
In actual applications, this pin's load resistance should be = 10 MQ, resulting in AvoL that is typically twice the guaranteed minimum limit. 


Note 5: Comp pin is externally forced to OV. Supply current during sleep mode is tested at Vin = 5V and could increase with increasing ViN, 
however, it should typically be less than 500uA within the specified range of VIN. 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. 603-424-2410 « FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


simple Step-Up Voltage Regulators 


FEATURES 

Requires Few External Components 
NPN Output Switches 3.0A, Can Stand 
Off 65V 

Extended Input Voltage Range: 2.9V 
to 40V 

Current-Mode Operation for Improved 
Transient Response, Line Regulation 
and Current Limiting 

Sleep Mode Feature with Low 
Quiescent Current 

Soft Start Function Provides Controlled 
Start-up 

52kHz Internal Oscillator 

Output Switch Protected by Current 
Limit, Under-Voltage Lockout and 
Thermal Shutdown 

Improved Replacement for 
LM2577-ADJ Series 


TYPICAL APPLICATIONS 

* Simple Boost and Flyback Converters 

* Transformer Coupled Forward Regulators 
* Multiple-Output Designs 


BLOCK DIAGRAM 


UC1577-ADJ 
UC2577-ADJ 


ADVANCED INFORMATION 


DESCRIPTION 

The UC1577-ADJ family of devices provides all the active functions 
necessary to implement step-up (boost), flyback, and forward converter 
switching regulators. Requiring only a few components, these simple 
regulators efficiently provide up to 60V as a step-up regulator, and even 
higher as a flyback or forward converter regulator. 


The UC1577-ADJ series feature a wide input voltage range of 2.9V to 
40V and an adjustable output voltage. An on chip 3.0A NPN switch is 
included with undervoltage lockout and thermal protection circuitry and 
current limiting. A sleep mode is provided with low quiescent current, as 
well as soft-start mode operation to reduce current during start-up. 
Other features include a 52kHz fixed frequency on-chip oscillator with no 
external components and current mode control for better line and load 
regulation. 


A standard series of inductors and capacitors are available from several. 
manufacturers optimized for use with these regulators and are listed in 
this data sheet. 


CONNECTION DIAGRAM 


5-PIN TO-220 (TOP VIEW) 
T-Package 


Vin 
SWITCH 
GND 
FEEDBACK 
COMP 





CURRENT LIMIT, 
THERMAL LIMIT, ANO 
UNDERVOLTAGE SHUTDOWN 


UC1577-ADJ/ 
UC2577-ADJ 
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3A, 65V 
NPN 
SWITCH 


CORRECTIVE 
+ VOLTAGE 


R1 


(1.23V) 
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- UC1577-ADJ 


| | UC2577-ADJ 
ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING RANGE _ | 
If Military/Aerospace specified devices are required, Supply Voltage...............ccccccecseseseessseeees 2.9V < VIN < 40V 
please contact the UICC Sales Office/Distributors for Output Switch Voltage ................... OV < VSWITCH < 60V 
availability and specifications. _ Output Switch Current ............. sesessetessees ISWITCH S 3.0A 
Junction Temperature Range 

Supply Voltage Siaiacameedtas sas uaa aden Ce eee EE 45V Ces Lv 47 eee ee ee ee -55°C < Ti < +150°C 
Output Switch Voltage nausea cuduianuneaseeste enhceccst sapiens 65V 0 6321s y 4 eee eee -40°C < Ty < +125°C 
Output Switch Current (Note 2) ...........eceecessessneeees 6.0A | 
Power Dissipation..............cccccceeee ... Internally Limited 
Storage Temperature Range ...... aaa -65°C to +150°C 
Lead Temperature (Soldering, 10 sec.)................. 260°C. 
Maximum Junction Temperature . Uortaane dade oaaticlen ces 150°C 
Minimum ESD Rating 

(C =100 pF, R=1.5 il eibech ee tvteateeeeeinet: 2kV 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta = -55°C to +150°C for UC1577 
and -40°C to +125°C for the UC2577, Ta =Ty.) Unless otherwise specified, Vin = 5V, VFEEDBACK = VREF, and ISWITCH = 0. 


UC1577-ADJ UC2577-ADJ 


SYSTEM PARAMETERS Circuit Figure 1 (Note 3) 


Output Voltage Vin = 5V to 10V 
ILOAD = 100 mA to 800 mA 
Ty = 25°C 
Line ener | VIN = 2.9V to 10V, ILoaD = 300 mA ee 
peng 8 jee = 25°C 50 50 
eee ae te 
Tu = 25°C 50 


Efficiency VIN = 5V, ILOAD = 800 mA 
DEVICE PARAMETERS 
Input Supply Current VFEEDBACK = 1.5V (Switch Off) 
Ty = 25°C 


ISWITCH = 2.0A 
VcomP = 2.0V (Max Duty Cycle) 


TJ = és 25° _ 





























Input Supply [SWITCH = = 100 mA 
_ Undervoltage Lockout | Ty = 25° Beas 
Oscillator Frequency Measured at Switch Pin 
ISWITCH = 100 mA 
_ Ty = 25°C 
Reference Measured at Feedback Pin 
Voltage VIN = 2.9V to 40V, Vcomp = 1.0V 
TJ = 25°C 





Error Amp Vcomp = 1.0V 
_InputBias Current |[Ty=25°C __ 
Error Amp IcomP = -30. pA to + 30 DA, ‘Vcomp = 1.0V | 1600 
Transconductance Ty = 25°C © 2400 


Error Amp VcomP = 1.1V to 1.9V, Rcomp = 1.0 MQ (Note 49 250 9 
Voltage Gain Ty = 25°C 500 











Error Amplifier Upper Limit VFEEDBACK = 1.0V i 


2.0 
Output Swing Ty = 25°C 
0.55 
| 7 | | Oe I 6:0 


Lower Limit VFEEDBACK = 1.5V 





Ty = 25°C 
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UC1577-ADJ 
UC2577-ADJ 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577 
and -40°C to +125°C for the UC2577, Ta =Tu.) Unless otherwise specified, Vin = 5V, and ISWITCH = 0. 


UC1577-ADJ UC2577-ADJ 
PARAMETER TEST CONDITIONS ) MIN. | T | TYP. | MAX. | UNITS 


DEVICE PARAMETERS Continued — 
Error Amp VFEEDBACK = 1.0V to 1.5V 











+90 +400 
Output Current Vcomp = 1.0V +200 
Ti = 25°C +130 +300 





Soft Start Current VFEEDBACK = 1.0V 

Vcomp = 0.5V 

Ty = 25°C 

Vcomp = 1.5V 

ISWITCH = 100mA 
TJ = 25°C 











EAE 


1.5 9.5 
5.0 
2.5 7.5 





Maximum Duty Cycle 
























- Switch 
Transconductance 


<a) wo 

Ww Oo 
Rh ie) 
on 63) 
S x 










VSWITCH = 65V 
VFEEDBACK = 1.5V (Switch Off) 
Ty = 25°C 


ISWITCH = 2.0A 
Vcomp = 2.0V (Max Duty Cycle) 
Tu = 25°C 


Vcomp = 2.0V 
Tuy = 25°C 


K Package, Junction to Ambient 
K Package, Junction to Case 


Switch Leakage 
Current 
















(o>) 
on 
(o) o>) 
N co 
ro) 4 
on co) 
Ww o>) 
Be 88 i 
N O!1o oO 
r= 


6 
= 












Switch Saturation 
Voltage 














“ NPNSwitth 
Current Limit 





Thermal Resistance 







T Package, Junction to Ambient 
T Package, Junctionto Case 


: COMP Pin VOUT = 0 
_Sleep Mode Threshold | Ty = 


COMP Pin Current 


















120 180 120 180 

65 

60 
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate 


conditions the device is intended to be functional, but device parameter specifications may not be guaranteed under these conditions. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. 


Note 2: Output current cannot be internally limited when the UC1577/UC2577 is used as a step-up regulator. To prevent damage to 
the switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UC 1577/UC2577 is used 
as a flyback or forward converter regulator in accordance to the Application Hints. 





65 
2 


c 
> 


Note 3: External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. 
When the UC1577/UC2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters. 


Note 4: A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier’s output) to ensure accuracy in measuring 
Avot. In actual applications, this pin’s load resistance should be = 10 MQ, resulting in Avot that is typically twice the guaranteed 
minimum limit. 


Note 5: Comp pin is externally forced to OV. Supply current during sleep mode is tested at Vin = 5V and could increase with increasing 
Vin, however, it should typically be less than 500uA within the specified range of VIN. 
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Note: Pin numbers shown Wig 
are for TO-220 (T) package 
L, 100 pH 


VIN SWITCH 


D, 1N5821 


y—| COMP : 
2200pF_L 0.1 pF UC1577/UC2577_F.B. 


UC1577-ADJ 
UC2577-ADJ 


10k VouT 





L = 415-0930 (AIE) CouT = Sprague Type 673D R1 = 48.7k in series with 5110(1%) 
D = any manufacturer Electrolytic 680 uF, 20V R2 = 5.62k (1%) 


Figure 1. Circuit Used to Specify System Parameters 


STEP-UP (BOOST) REGULATOR 

The Block Diagram shows a Step-Up switching 
Regulator utilizing the UC1577/UC2577. The regulator 
produces an output voltage higher than the input voltage 
when the UC1577 turns its switch on and off at a fixed 
frequency of 52kHz, thus storing energy in the inductor 
(L). When the NPN switch is on, the inductor current is 
charged at a rate of Vin/L. When the switch is turned off, 
the lower terminal of the inductor rises above Vin, 
discharging the stored current through the output diode 
(D) into the output capacitor (CouT) at a rate of (VouT - 
ViIN)/L. The energy stored in the inductor is thus 
transferred to the output. 


The output voltage is controlled by the amount of energy 
transferred, which is controlled by modulating the peak 
inductor current. This modulation is done by feeding a 


portion of the output voltage to an error amplifier which 


amplifies the difference between the feedback voltage 
and an internal 1.23V precision reference voltage. The 
output of the error amplifier is than compared to a 
voltage proportional to the switch current, or the inductor 
current, during the switch on time. The comparator 
terminates the switch on time when the two voltages are 
equal and thus controlling the peak switch current to 
maintain a constant output voltage. Figure 2 shows 


voltage and current waveforms for the circuit. Formulas 


for calculation are shown in Figure 3. 


VOLTAGE Vsat = 


QV Nessie ae es are : 
DIODE oy pa pe =: 
VOLTAGE | | 7 

VR ~ ~ 
INDUCTOR gest 
CURRENT _ INOAVE) ~ ONG NN 


0 —_ sso = ee ae lll lle; 


SWITCH IsSwPK) ~ ~ os -— = So 
CURRENT TlLrl 
0 - - = pee 
plop (tPA TO 
o + - ee 


Figure 2. Step-Up Regulator Waveforms 
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siaiGies Vout + VF - VIN Vout - VIN 

u ———um“€r2————_ — 
y VouT + VE - VSAT Vout 

Average Inductor lIND(AVE) 

Current 


Inductor Current VIN - VSAT D 
Ripple L 52,000 


Peak Inductor 
Current 


ILOAD m AlIND 
1-D 2 


~— ftoaD IND 
Isw(PK) 1b * 2 


lIND(PK) 


Current 


Switch Voltage 
When Off 


Vout + VF 


Average Diode 

ID(AVE) ILOAD 
Current 
Peak Diode ILOAD = ATIND 

+ 

Current ote) 1-D 2 
Power Dissipation loan \2 Load D VIN 
Of UC1577/2577 1-p 72 * 50(1-D) ~ 


VF = Forward Biased Diode Voltage LOAD = Output Load Current 


Vsw(OFF) 


Diode Reverse 
Voltage 











Figure 3. Step-Up Regulator Formulas 


STEP-UP REGULATOR DESIGN PROCEDURE 
Given: 

VIN (min) = Minimum input supply voltage 

VouT = Regulated output voltage 

ILOAD (max) = Maximum output load current 
First, determine if the UC1577/ UC2577 can provide 
these values of Vout and ILoAD (max) when operating 
with the minimum value of VIN. The upper limits for VouT 
and ILOAD (max) are given by the following equations. 

VouT < 60V 

and Vout < 10 x VIN (min) 

< 2.1A x VIN (min) 
VOUT 

These limits must be greater than or equal to the values 
specified in this application. 
1. Output Voltage Selection 
Resistors R1 and R2 are used to select the desired output 
voltage. These resistors form a voltage divider and present a 
portion of the output voltage to the error amplifier which 
compares it to an internal 1.23V reference. Select R1 and R2 
such that: 





ILOAD(max) 


Rt — _VouT 4 
R2 ~——-1.23V 


2. Inductor Selection (L) 
A. Preliminary Calculations: 


To select the inductor, the calculation of the following 
three parameters is necessary: 
D(max), the maximum switch duty cycle (0 < D < 0.9): 





UC1577-ADJ 
UC2577-ADJ 


D(max) Vout + VF - VIN (min) 
VouT + VF - 0.6V 


where VF = 0.5V for Schottky diodes and 0.8V for fast 
recovery diodes (typically); 
EeT, the product of volts x time that charges the inductor: 


= D(max) (Vin(min) - 0.6V)10® 7 
52,000 Hz (VHS) 


IND, Dc, the average inductor current under full load; 


1.05 x ILOAD(max) 
ino,oc= ———————————— 
1 - D(max) 


B. Identify Inductor Value: 


1. From Figure 4, identify the inductor code for the 
region indicated by the intersection of E*T and IiNb, bc. 
This code gives the inductor value in microhenries. The 
L or H prefix signifies whether the inductor is rated for a 
maximum EerT of 90 Veus (L) or 250 Veus (H). 

2. If D < 0.85, go onto step C. If D = 0.85, then 
calculate the minimum inductance needed to ensure the 
switching regulator's stability: 

6.4. (VIN(min) - 0.6V) (2D(max) -1) 
Lmin= ———_—_—____—____——__ (p!H) 

1 - D(max) 


If LMIN is smaller than the inductor value found in step 
B1, go onto step C. Otherwise, the inductor value found 
in step B1 is too low; an appropriate inductor code 
should be obtained from the graph as follows: 


Qo 


NS 


NA) 
\ 

Ss 
SS 
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x 


Sh of 


WW 
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< 


WS aN SES WAS RAY 
SRR 
BASEN 

SS 
' 


S 
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SI 





0.3 0.35 0404505 06 0.7 0809 1.0 1.5 20 25 3.0 
liIND, Dc (A) 


Note: This chart assumes that the inductor ripple current inductor is 
approximately 20% to 30% of the average inductor current (when the 
regulator is under full load). Greater ripp e current causes higher peak 
switch currents and greater ouput ripple voltage; lower ripple current is 
achieved with larger-value inductors. The factor of 20 to 30% is chosen 
as a convenient balance between the two extremes. 


Figure 4. Inductor Selection Graph 





1. Find the lowest value inductor that is greater 
than Lain. 
2. Find where EeT intersects this inductor value to 
- determine if it has an L or H prefix. if E-T 
intersects both the L and H regions, select the 
inductor with an H prefix. 
C. Select an inductor from the table of Figure 5 which 
cross references the inductor codes to the part numbers 
of three different manufacturers. Complete specifications 
for these inductors are available from the respective 
manufacturers. The inductors listed in this table have the 
following characteristics: 


AIE: ferrite, pot-core inductors; Benefits of this type 
are low electro-magnetic interference (EMI), small 
physical size, and very low power dissipation (core 
loss). Be careful not to operate these inductors too 
far beyond their maximum ratings for E*T and peak 
current above rated value better than ferrite cores. 


Pulse: powdered iron, torrid core inductors; Benefits 
are low EMI and ability to withstand E*T and peak 
current above rated value better than ferrite cores. 


Renco: ferrite, bobbin-core inductors; Benefits are 
low cost and best ability to withstand E*-T and peak 
current above rated value. Be aware that these 
inductors generate more EMI than the other types, 
and this may interfere with signals sensitive to noise. 


Manufacturer’s Part Number 


inductor 


Pulse Renco 


415 - 0932 
415 - 0931 
415 - 0930 
415 - 0953 
415 - 0922 
415 - 0926 
415 - 0927 
415 - 0928 
415 - 0936 
430 - 0636 
430 - 0635 
430 - 0634 
415 - 0935 
415 - 0934 
415 - 0933 
— 415 - 0945 


PE - 53112 
PE - 92114 
PE - 92108 
PE - 53113 
PE - 52626 
PE - 52627 
PE - 53114 
PE - 52629 
PE - 53115 
PE - 53116 
PE - 53117 
PE - 53118 
PE - 53119 
PE - 53120 
PE - 53121 
PE - 53122 


RL2442 
RL2443 
RL2444 
RL1954 
RL1953 
RL1952 
RL1951 
RL1950 
RL2445 
RL2446 
RL2447 
RL1961 
RL1960 
RL1959 
RL1958 





_ RL2448 


AIE Magnetics, div. Vernitron Corp., (813) 347-218 
2801 72nd Street North, St. Petersburg, FL 33710. 
Pulse Engineering, (619) 268-2400 

P.O. Box 12235, San Diego, CA 92112 

Renco Electronics Inc., (516) 586-5566 

60 Jeffryn Bivd. East, Deer Park, NY 11729 


Figure 5. Table of Standardized Inductors and 
Manufactuers’ Part Numbers 
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3. Compensation Network (Rc, Cc) and Output 
Capacitor (Court) Selection 

The compensation network consists of resistor Rc and 
capacitor Cc which form a simple pole-zero network and 
Stabilize the regulator. The values of Rc and Cc depend on 
voltage gain of the regulator, ILoAD(max), the inductor L and 
output capacitance Court. A procedure to calculate and 
select the values for Rc, Cc and Cout which ensures 
stability is described below. It should be noted, however, that 
this may not result in optimum compensation. To guarantee 
optimum compensation a standard procedure for testing 
loop stability is recommended, such as measuring Vout 
transient responses to pulsing ILOAD. 


A. First, calculate the maximum value for Re. 
750 x ILOAD(max) x VouT@ 


Vin(min)@ 
Select a resistor less than or equal to this value, and it 
should also be no greater than 3 kQ. 


B. Calculate the minimum value for Cout using the 
following two equations. 


Rc < 


0.19 x L x Re x ILOAD(max) 


mone VIN(min) x Vout 


and 
Vin(min) x Re x (ViN(min) + (3.74 x 105 x L)) 


CouT > 
487,800 x Vout? 


The larger of these two values is the minimum value that 
ensures stability. 


C. Calculate the minimum value of Cc. 
58.5 x Vout? x CoutT 


Re@ x VIN(min) 


The compensation capacitor is also used in the soft start 
function of the regulator. When input supply to the part is 
turned on, the switch duty cycle is increased slowly at a 
rate defined by the compensation capacitor and the soft 
start current, thus eliminating high input currents. Without 
the soft-start circuitry, the switch duty cycle would 
instantly rise to about 90% and draw large currents from 
the input supply. For proper soft-starting, the value for Cc 
should be equal or greater than 0.22uF. 


Figure 6 lists several types of aluminum electrolytic 
capacitors which could be used for the output filter. Use 
the following parameters to select the right capacitor: 
Working Voltage (WVDC): Choose a capacitor with a 
working voltage at least 20% nignert than the regulator 
output voltage. 


Cc2 


Ripple Current: This is the maximum RMS value of 
current that charges the capacitor during each switching 
cycle. For step-up and flyback regulators, the formula 
for ripple current is. 


ILOAD(max) x D(max) 
IRIPPLE(RMS) = - 








1 - D(max) 


Choose a capacitor that is rated at least 50% higher than 
this value at 52 kHz. 


Equivalent Series Resistance (ESR): This is the primary 
cause of output ripple voltage, and it also affects the 
values of Rc and Cc needed to stabilize the regulator. 
As a result, the preceding calculations for Cc and Re are 
only valid if ESR doesn't exceed the maximum value 
specified by the following equations. 


ESR < 0.01 x 15V < 8.7 x (10) - 3 x VIN 
IRIPPLE(P-P) ILOAD(max) 


where 


IRIPPLE(P-P)= Tels RIESE me: 


Select a capacitor with ESR, at 52 kHz, that is less than 
or equal to the lower value calculated. Most electrolytic 
capacitors specify ESR at 120 kHz which is 15% to 30% 
higher than at 52 kHz. Also, be aware that ESR 
increases by a factor of 2 when operating at -20°C. 


In general, low values of ESR are achieved by using 
large value capacitors (C = 470 uF), and capacitors with 
high WVDC, or by paralleling smaller-value capacitors. 


4. Input Capacitor Selection (Cin) 

To reduce noise on the supply voltage caused by the 
switching action of a step-up regulator (ripple current 
noise), the Input Voltage pin should be bypassed to 
ground. A good quality 0.1uF capacitor with low ESR 
should provide sufficient decoupling. If the UC1577 is 
located far from the supply source filter capacitors, an 
extra electrolytic (47uF, for example) is required. 


Cornell Dublier—Types 239, 250, 251, UFT, 300, or 350 

P.O. Box 128, Pickens, SC 29671 (803) 878-6311 
Nichicon—Types PF, PX, or PZ 

927 East Parkway, Schaumburg, IL 60173 (708) 843-7500 


Sprague—Types 672D, 673D, or 674D 


Box 1, Sprague Road, Lansing, NC 28643 (919) 384-2551 


United Chemi-Con—Types LX, SXF, or SXJ 
9801 West Higgins Road, Rosemont, IL 60018 
(708) 696-2000 





Figure 6. Aluminum Electrolytic Capacitors Recommended 
for Switching Regulators 
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5. Output Diode Selection (D) 

In the step-up regulator, the switching diode must 
withstand a reverse voltage and be able to conduct the 
peak output current of the UC2577. Therefore a suitable 
diode must have a minimum reverse breakdown voltage 
greater than the circuit output voltage, and should also 
be rated for average and peak current greater than ILoAD 
(max) and |Ip(PK). Because of their low forward voltage 
drop (and thus higher regulator efficiencies,) schottky 
barrier diodes are often used in switching regulators. 
Refer to Figure 7 for recommended part numbers and 
voltage ratings of 1A and 3A diodes. 


1N5817 1N5820 
MBR120P | MBR320P 


1N5819 1N5822 
MBR140P | MBR340P 
11DQ04 31DQ04 


Figure 7. Diode Selection Chart 


6. Sleep Mode 

The UC1577/2577 has a unique feature of Sleep Mode. 
When the COMP pin is externally forced below the Sleep 
Threshold of 150 mV, the internal regulator to the IC is 
disabled, thus substantially reducing Input Supply 
Quiescent current to 250A typically, for ViN=5V. This 
current, however, is dependent on the input supply 
voltage VIN and will increase with increasing VIN. For the 
specified range of VIN (2.9V to 40V), the Input Supply 
Current should be typically less than 500pA. 









ciIncuTS —~kes UC1610 
INIT T ihe UC3610 
mee UNITRODE |= 


Dual Schottky Diode Bridge 


—_ J 
FEATURES | DESCRIPTION a | 
e Monolithic Eight-Diode Aivay This eight-diode array is designed for high-current, low duty-cycle sateen 
* Exceptional Efficienc typical of flyback voltage clamping for inductive loads. The dual bridge connection 
in yo makes this device particularly applicable to bipolar driven stepper motors. 


* Low Forward Voltage The use of Schottky diode technology features high efficiency through lowered for- 


¢ Fast Recovery Time : ward voltage drop and decreased reverse recovery time. 

ra High Peak Current ~ : This single monolithic chip is fabricated in both hermetic CERDIP and copper- 
4 aalans . leaded plastic packages. The UC1610 in ceramic is designed for -55°C to +125°C 

* Small Size environments but with reduced peak current capability; while the UC3610 in plas- 


tic has higher current rating over a 0°C to +70°C temperature range. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode) .... 0.0... . cece tee tenet ene enees 50V 
Peak Forward Current : | 
C1610 ace hon ee pth ASE TERR STE AS DSRS OME eROE Wha g PER ena eraet 1A 
UGC 3610 o6.ks nies Lae era d Ome w ees eae sd bee eke ae A aed War pam ewes 3A 
Power Dissipation at TA=+70°C «00... ccc ccc ce rc ee cere eee eee neenaee 1W 
Storage Temperature Range. ........ 0... eee ee eee eee eens -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)........... 0... 2 cece eee ee eee 300°C 


Note: Consult Packaging Section of Databook for thermal limitations and considerations of 
package. . 


CONNECTION DIAGRAMS 


| DIL-8 (TOP VIEW) SOIC-16 (TOP VIEW) 
N or J Package DW Package 


PLCC-20 (TOP VIEW) 
Q Package 


3 2 1 2019 


1 
1 
1 
4 


14 
9 10 11 12 13 
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ELECTRICAL CHARACTERISTICS: Ali specifications apply to each individual diode. Tu = 25°C except as noted. TA = Ty. 


PARAMETER 


VR = 5V 


fat 
y 
Rea aee 


(LI y [AFI | I 
Re) ea 2 a eae 

WAN 2rd 
CO pe 


| 
“fff nase 


ITLL LLL 
ICEL 





FORWARD CURRENT - (A) 





LEAKAGE CURRENT - (pA) 


0 .2 .4 6 .8 1.01.2 1.4 1.6 1.82.0 
FORWARD VOLTAGE - (V) 





Forward Recovery Characteristics 


DIODE 
DIODE VOLTAGE 
CURRENT 1.0V/DIV 


200mA DIV 
0 


f DIODE 
CURRENT 
500mA/DIV 
+ 0A 





TIME, 2ns/DIV 
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Quad Schottky Diode Array 


FEATURES 
e Matched, Four-Diode Monolithic Array 


e High Peak Current 

e Low-Cost MINIDIP Package 

¢ Low-Forward Voltage 

e Parallelable for Lower VF or Higher IF 
e Fast Recovery Time 


¢ Military Temperature Range Available 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 
N or J Package 


PLCC-20 (TOP VIEW) - 
Q Package 
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DESCRIPTION 


This four-diode array is designed for general purpose use as individual 
diodes or as a high-speed, high-current bridge. It is particularly useful on 
the outputs of high-speed power MOSFET drivers where Schottky diodes 
are needed to clamp any negative excursions caused by ringing on the 
driven line. , = 


These diodes are also ideally suited for use as voltage clamps when driv- 
ing inductive loads such as relays and solenoids, and to provide a path 
for current free-wheeling in motor drive applications. 


The use of Schottky diode technology features high efficiency through 
lowered forward voltage drop and decreased reverse recovery time. 


This single monolithic chip is fabricated in both hermetic CERDIP and 
copper-leaded plastic packages. The UC1611 in ceramic is designed for 
-55°C to +125°C environments but with reduced peak current capability: 
while the UC3611 in plastic has higher current rating over a 10°C to +70°C 
ambient temperature range. 


SOIC-16 (TOP VIEW) 
DW Package 
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ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per Diode)... .. 2... 0.0.0... cee ee eee 50V 
Diode-to-Diode Voltage... 0.0... ccc eee teen tees 80V 
Peak Forward Current 

WOIGT Is octet nee Ate t en Ges ee hed de Pe ate Re OS eae eee weed 1A 

WIC SBI ecco Geese ce rect tercncy suck Daeg we ia, Rev a BB aaa Uo oo ed SORE eee as 3A 
Power Dissipation at TA= +70°C ... 0.0... cece teens 1W 
Storage Temperature Range ............ 2... c eee eee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds).................00000- +300°C 


Note: Please consult Packaging Section of Databook for thermal limitations and 
considerations of package. 


ELECTRICAL CHARACTERISTICS: All specifications apply to each individual diode. Ty = +25°C except as noted. 
TA = Ty. 


|_TESTCONDITIONS | MIN. | 

Ie=100mA 

[ie anne eemenereneeinn (ghee 

Leakage Current VA = 40V | | 0.01 
a 

oe 

ae 

ae 















PARAMETER 
Forward Voltage Drop 
















VR = 40V, Ty = +100°C 
0.5A Forward to 0.5A Reverse | 


Note: At Forward currents of greater than 1.0A, a parasitic current of approximately 10mA may be collected by adjacent diodes. 






Reverse Current vs Voltage Forward Current vs Voltage 
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FORWARD CURRENT - (A) 








LEAKAGE CURRENT - (pA) 














0 2.4 6 .8101.21.4 16 1.82.0 
REVERSE VOLTAGE - (V FORWARD VOLTAGE - (V) 
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TYPICAL APPLICATIONS 
A. Clamp Diodes - PWMS and Drivers 


UC3611 


UC3611 
Fe 


High Speed 
PWM Driver 
i.e. UC3825 © 
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UC3612 
mae LINITRODE 
Dual Schottky Diode 
FEATURES DESCRIPTION 
¢ Monolithic Two Diode Array The two-diode array is designed for high-current, low duty-cycle 
- applications typical of flyback voltage clamping for inductive 
e Exceptional Efficiency loads. | | 


POW romvate ychage The use of Schottky diode technology features high efficiency 


e Fast Recovery Time through lowered forward voltage drop and decreased reverse 
recovery time. 
¢ High Peak Current 


This single monolithic chip is fabricated in hermetic CERDIP as 





eramaninize well as copper leaded plastic MINIDIP and SOIC surface mount 
power pack. The UC1612 in ceramic is designed for -55°C to 
+125°C environments, but with reduced peak current capability; 
while the UC3612 has higher current rating over a 0°C to +70°C 
ambient temperature range. 

ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage (per diode) ..................::008 50V 

Peak Forward Current, UC3612 ........... cc eeeeceeees 3A 

Peak Forward Current, UC1612 ........ eens 1A 

Power Dissipation at TA = 70°C ooo... cece 1W 

Derate 12.5mW/°C above 70°C 
Storage Temperature Range .............. -65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) ....... 300°C 


CONNECTION DIAGRAM 


J, N or DP PACKAGE 
(TOP VIEW) 





Pins 2,3,6,7 are connected to 
substrate and must be electrically isolated. 
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Electrical Characteristics (All specifications apply to each individual diode. T, = 25°C except as noted). 


PARAMETER TEST CONDITIONS 
Frnmvonnoee | PRR 
Forward Voltage Drop 


i 
a 
feo ete] — 
oe 
foe 
Le 









SA Forward to 5A Reverse 
Forward Recovery 1A Forward to 1.1V Recovery 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately 10mA may be collected by adjacent diodes. 











Reverse Current vs Voltage Forward Voltage vs Current 


1000UA 


A 


LEAKAGE CURRENT (pA) 


O1A 





REVERSE VOLTAGE (V) 





OO1A 


01 23 4 5 6 7 8 9 101.1 1.2 1.3 
FORWARD VOLTAGE (V) 
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INTEGRATED 
CIRCUITS 


a UNITRODE 
High Speed PWM Controller 


FEATURES 
Compatible with Voltage or Current-Mode 
Topologies 


Practical Operation @ Switching 
Frequencies to 1.0MHz 


50ns Propagation Delay to Output 
High Current Totem Pole Output (1.5A peak) 
Wide Bandwidth Error Amplifier 


Fully Latched Logic with Double Pulse 
Suppression 


Pulse-by-Pulse Current Limiting 

Soft Start/Max. Duty Cycle Control 
Under-Voltage Lockout with Hysteresis 
Low Start Up Current (1.1mA) 


Trimmed Bandgap Reference (5.1V +1%) 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 15, 13) 
Output Current, Source or Sink (Pins 11, 14) 


PUISO(0 5S) ons cc cemed ves ety auta see eecees 
Analog Inputs (Pins 1, 2, 7, 8, 9) 
Clock Output Current (Pin 4) ........ 0.0... cece ee eee 
Error Amplifier Output Current (Pin 3) 
Soft Start Sink Current (Pin 8) 


BLOCK DIAGRAM 


oesceewe ee eee we ew 


Ramp 
E/A Out 


Error NI 


Amp 


Soft r 
Start [8] 


tuMREF 11) 


LIM 
—— 
Shutdown 
tLmS.D.[8] CPRTR 
1.4V 


Vec [15 


Ni 
9V wivio 


Gnd 


"Vcc Good" 
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UC1823 
UC2823 
UC3823 


DESCRIPTION 


The UC1823 family of PWM control ICs is optimized for high fre- 
quency switched mode power supply applications. Particular care 
was given to minimizing propagation delays through the compara- 
tors and logic circuitry while maximizing bandwidth and slew rate 
of the error amplifier. This controller is designed for use in either 
current-mode or voltage-mode systems with the capability for input 
voltage feed-forward. 


Protection circuitry includes a current limit comparator with a 1V 
threshold, a TTL compatible shutdown port, and a soft start pin 
which will double as a maximum duty cycle clamp. The logic is 
fully latched to provide jitter free operation and prohibit multiple 
pulses at the output. An under-voltage lockout section with 800mV 
of hysteresis assures low start up current. During under-voltage lock- 
out, the output is high impedance. 


These devices feature a totem pole output designed to source and 
sink high peak currents from capacitive loads, such as the gate of 
a power MOSFET. The on state is defined as a high level. 


. 30V Oscillator Charging Current (Pin 5) .................. -5mA 
Power Dissipation at Ta =60°C .... 0... . 0. cee eee 1W 
0.5A Storage Temperature Range.............. -65°C to +150°C 
2.0A Lead Temperature (Soldering, 10 seconds) .......... 300°C 
Note: All voltages are with respect to ground, Pin 10. 
-5mA Currents are positive into the specified terminal. 
5mA Consult Packaging Section of Databook for thermal 
20mA limitations and considerations of packages. 


PWM Latch 
(Set Dom.) 


ie, “Output 
Inhibit" 


Gen 16) R 


5-113 





UC1823 

7 UC2823 

| UC3823 
CONNECTION DIAGRAMS 


DIL-16, SOIC-16 (TOP VIEW) PLCC-20, LCC-20 (TOP VIEW) 
J or N, DW Package Q, L Package FUNCTION 


Inv. we 3 VrReF 5.1V 
NI. - Vec 
E/A Out | 14) Out 
Clock 5 : Ve 
RT | | Pwr Gnd 


8 14 
CT ae ILIMREF 9 10 11 12 13 


Ramp _ Ground 


Soft Start ILim/S.D. 





ELECTRICAL CHARACTERISTICS: Uniess otherwise noted, these specifications apply for Rt = 3.65k, Cr = 
| 1inF, Vcc = 15V, O°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for 
the UC2823, and -55°C < Ta < +125°C for the UC1823, Ta=Ty. | 


| . _ = UC1823 
TEST CONDITIONS UC2823 











PARAMETER 
| MIN | TYP | MAX | MIN | TYP | MAX | 

Reference Section 
| OutputVoltage Tu = 25°C, lo=1mA «5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 520] V | 
| LineRegulation = (t0<Veo<3ov,— —(tsCdTSCd| | | | 0 | mv 
| LoadRegulation [1 <lo.< 10mA | ft 5s | aw] | s | 20 | m | 
| Temperature Stability» |Tww<Ta<Twx sss ss | S| 2 | 4 | | 2 | 04 |mvec 
Jaa! Qupavaraion’ __ ine Lead Temp, __ 801 820] 498 |__828 | ___ 
| Output Noise Voltages |10Hz<f<toKHz = (“<sas| S| 50 || S| S| 
| _LongTerm Stabilitye = [Tu=125°C,1000hrs. = | S| | 8 | | | 88 | mv | 
| Short Circuit Current [Vnersov,CSCSC*‘éd'«Cw45| | -50 | 100] -15 | -50 | -100 | mad | 
Oscillator Section | | 
| Initial Accuracy ss (Tuzzsrc— CCSC*~*C‘éd«C'._| 400 | 440 | 360 | 400 | 440 | KHz 
| Voltage Stabilitys = 5 |10<Voc<sov, CT S| oe | 2 || oe | 2 | 
|_Temperature Stabilitys [Tin <TA < TMAX a a a ea oe oe 
| TotalVariations _—[Line, Temp, = s| 340 | | 460 | 340 | | 460 | kt | 
| ClockOutHigh = | iC:C—“‘iL BG TS | ULl GO | | VC 
| ClockOuttow = | ti“‘“‘iLSC*d kw | oo | os | 29 | VY 
| RampPeat = “as || t—“‘CNCCC(*d CG =| 2B | BO | 26 | 28 | 30] V | 
| RampValleys | —“(t;‘“C;™*S*SC~é*sd C=C] tc | 25 | 7 | 1.0 | 1.25] V | 
| Ramp ValleytoPeat =| CCE | 8 | 20 | 16 | 18 | 20] V | 


UC1823 

UC2823 

UC3823 
ELECTRICAL CHARACTERISTICS: Unless otherwise noted, these specifications apply for Rt = 3.65k, Cr = 1nF, Vcc 


= 15V, 0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for the 
UC2823, and -55°C < Ta < +125°C for the UC1823, Ta = Ty. 


UC1823 
TEST CONDITIONS UC2823 


PARAMETER 


3 
4 


Error Amplifier Section 








| _InputOffsetVoltage = (| CCT tf 
| _inputBiasCurent = | —“‘iLSSC‘dLC OG | 3 | | OG | 3 | A 
| InputOffsetCurent = | CE tlt lt Tf on ot | pa 
| OpenloopGain  ————sicvo<av— tC“ (sCdTC | || | || 
| CMRR Cid Sc Vowcscv CT | | | | 5 | | 
| PSARCd cox tov— | tt] | 5 | to | | eB 
| Output Sink Current | Veina =1V i ee ee ee ee 
| OutputSource Current [Vpns=4v0— | 05 | | | 05 | 1.3 | | ma 
| OutputHigh Voltage ipins=-0.5mA S| 4 | 47 | 5.0 | 40 | 47 | 5.0 | Vv 
| OutputLow Voltage —ips=tmA CTC | OS | tO] Oo | OS | 10] Vv 
| UnityGainBandwidths | CC (tstC*dEC tl | 8 8 || Me 
| SlewRate* | ——(“‘iaR CS lt | te | 
PWM Comparator Section 

| Pin7BiasCurent Ss vpnv=0v— CT Tt | TT tt | 8] 
| DutyCycleRange | CCC Cl | 

| Pin3ZeroD.C.Threshoid —vpn7=ov, at 125 | Lt ft | 

| DelaytoOuput | CE | OH | 80's 80 | 


SoftStartSection 
| Charge Current [Vena = 0.8V | 3 | 9 | 2] 3 
| Discharge Current | VPiNe = 1V Pe ae ee ee 


Current Limit/Shutdown Section 


| Pin9BiasCurrent Ss |O<Vewo<av | Tt eto | | st |p 

| CurrentLimitOfiset ss Ventetty ts ts om 

1 este MMIII il Gd BK 
Range (VPIN 11) 

| Shutdown Threshold | 1.25 | 1.40 | 1.55 | 1.25 | 1.40 | 1:55 | Vv 

| DelaytoOutpur® | 8 | co | | 80 | 80 | os | 


,e) 
r= 
o> 
oS 
= 
ad 
” 
® 
° 
= 
° 
3 


|_| 025 |o4o| | 025 | 040 | v | 
lovr=200ma | 2 | 22 || 2 | 22 | ov | 
0 [135 | [isofiss| | v | 
lour=-200mA__ df to | 130} {120 | 130 | tv 
|__| 100 {| soo |__| 100 | 500 | A | 
| RiseaiTimes usin Et | || 80 | 6 | ns 
| StatTheshold | dt pe | 92 | 96 | pe | 92 | 96 | ov 
| ULOHysteresis | Ct ot | ot | 12 | 4 | 08 | 12 |v | 
pf it [25 | | it | 25 | ma | 
icc Veni, VPIN7.VeNe=OV.Vene=tV] | 22 | 33 | | 22 | 33 | mA | 
* These parameters are guaranteed by design but not 100% tested in production 
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UC1823 PRINTED CIRCUIT eon LAYOUT 
CONSIDERATIONS — 

High speed circuits demand careful attention to layout 
and component placement. To assure. proper perform- 
ance of the UC1823, follow these rules. 1) Use a ground 
plane. 2) Damp or clamp parasitic inductive kick energy 
from the gate of driven MOSFET. Don’t allow the output 
pins to ring below ground. A series gate resistor or a 
shunt 1 Amp Schottky diode at the output pin will serve 


ERROR AMPLIFIER CIRCUIT 


UC1823 
UC2823 
UC3823 


this purpose. 3) Bypass Vcc, Vc, and VrReF. Use 0.1uF 
monolithic ceramic capacitors with low equivalent series 
inductance. Allow less than 1 cm of total lead length for 
each capacitor between the bypassed pin and the ground 
plane. 4) Treat the timing capacitor, Cr, like a ee Ca- 
pacitor. 


Simplified Schematic 








Freq (Hz) 4 


PWM APPLICATIONS 


_ Conventional (Voltage Mode) 


[Uci823 


16} Vrer 5.1V 


Error Amp 
Output 


0 02 04 06 08 40 
TIME (/<S) 





_ Current-Mode 


ISWITCH 


~AV 
ie, 


* A small filter may be required to suppress switch 
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UC1823 
UC2823 
UC3823 


OSCILLATOR CIRCUIT 


Deadtime vs Cr (3< Rt < 100K) 


Timing Resistance vs Frequency 
100K 





we RK 
RSS 
| INAAANAANL 
10K 100K 1M 10K 100K 
Freq (Hz) Freq (Hz) 











SYNCHRONIZED OPERATION 


Two Units in Close Proximity 


[sieve 


Generalized Synchronization 


| [ uciezs | 


RT 


T 


Th 


| 
| 
| 
| 
Local [|_ Slave | 


Ramp 


CT . 
“— 


Master | rece = 
Ramp ~— 


Slaves , 
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CONSTANT VOLT-SECOND CLAMP CIRCUIT 


The circuit shown here will achieve a. constant 
volt-second product clamp over varying input 

_ voltages. The ramp generator components, Rt and Cr 
are chosen so that the ramp at Pin 9 crosses the 1V 


ILiM 
Shut- 
RR down 


threshold at the same time the desired maximum 
volt-second product is reached. The delay through the 
inverter must be such that the ramp capacitor can be 
completely discharged during the minimum deadtime. 





OUTPUT SECTION 


Simplified Schematic 
UC1823 


Rise/Fall Time (Ci =10NF) 
2 
IL (A) 
( 


0 
os 8888 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


Time - (ns) 
Saturation Curves 


iT 
| 
WA 


05 10 
lout - (A) 
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INTEGRATED 
CIACUITS 


mee UNITRODE 


High Speed PWM Controller 


FEATURES 


“Bold Type” Denotes improved or new 
features 


- Improved versions of the 
UC3823/UC3825 PWMs 


* Compatible with Voltage or Current-Mode 
Topologies 

« Practical Operation at Switching 
Frequencies to 1MHz 

* 50ns propagation delay to Output 


«High Current Dual Totem Pole Out- 
puts (2A Peak) 


« Wide Bandwidth Error Amplifier 


¢ Trimmed Oscillator Discharge Cur- 
rent for Accurate Frequency & Dead 
Time Control 


* Fully Latched Logic with Double Pulse Sup- 
pression 


* Soft Start Control 


-Pulse by Pulse Current Limiting 
Comparator 


*Latched Over-Current Comparator 
With Full Cycle Restart 


« Low Start Up Current — 100uA typ. 


«Under Voltage Lock Out — 16V/10V 
On & Off (“B” versions) 


* Outputs Active Low During UVLO 
¢ Trimmed Bandgap Reference 


-Adjustable Blanking For Leading 
Edge Noise Tolerance 


Clock/LEB [ 4 | & 
RT [5 | 
cr [6 | 
1.25V 
ramp [7 #——1h 
E/AOUT 3 | 


ni [2] 
INV [1 


osc 


SOFT 
staat 18] 


HLIM {9 | 


Vec [15] 


‘B 16/10V 
‘A 9.2/8.4V 


GND 
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UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 





PRELIMINARY 


DESCRIPTION 


The UC3823A & B and the UC3825A & B family of PWM control ICs are improved versions of the standard 
UC3823 & UC3825 family. Performance enhancements have been made to several of the circuit blocks. 
Error amplifier gain bandwidth product is 12MHz while input offset voltage is 2mV. Current limit threshold is 
guaranteed to a tolerance of 5%. Oscillator discharge current is specified at 10 mA for accurate dead time 
control. Frequency accuracy is improved to 6%. Start up supply current, typically 100uA, is ideal for off-line 
applications. The output drivers are redesigned to actively sink current during UVLO at no expense to the 
start up current specification. In addition each output is capable of 2A peak currents during transitions. 


Functional improvements have also been implemented in this family. The UC3825 shutdown comparator is 
now a high-speed over-current comparator with a threshold of 1.2V. The over-current comparator sets a 
latch that ensures full discharge of the soft start capacitor before allowing a restart. While the fault latch is 
set, the outputs are in the low state. In the event of continuous faults, the soft start capacitor is fully charged 
before discharge to insure that the fault frequency does not exceed the designed soft start period. The 
UC3825 Clock pin has become CIk/LEB. This pin combines the functions of clock output and leading edge 
blanking adjustment and has been buffered for easier interfacing. 


The UC3825A,B has dual alternating outputs and the same pin configuration of the UC3825. The 
UC3823A,B outputs operate in phase with duty cycles from zero to less than 100%. The pin configuration of 
the '23A,B is the same as the UC3823 except pin 11 is now an output pin instead of the reference pin to the 
current limit comparator. “A” version parts have UVLO thresholds identical to the original UC3823/25. The 
“B” versions have UVLO thresholds of 16 and 10V, intended for ease of use in off-line applications. 


Consult Application Note U-128 for detailed technical and applications information. Contact the factory for 
further packaging and availability information. 


UVLO (V) 


D(MAX) | 
< 100% 


< 100% 
< 50% 
< 50% 





(60%) 


13] Vc 
rit] OUT A 


14] OUT B 


12] PWR GND 


Soft-Start 
Complete 


Bias 


* Note: 1823A,B Version Toggles Q and Q are always iow 
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UC1823A,B/1825A,B 


UC2823A,B/2825A,B 
UC3823A,B/3825A,B 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13)... ccccceeeeesereeeeecneceeecneneesesnneeneans 22V Soft Start Sink Current (Pin 8)... cece sete ceeteseneeteenseeseeenes 20mA 
Output Current, Source or Sink (Pins 11-14) Oscillator Charging Current (Pin 5)... eee cee cee eeneeeeeeneenee -5mA 
DG scsi gh ores Naa cuales each etait aan 0.5A Power Dissipation at TA=60°C .00...... ccc ccccccsseesseeeceeecesensateecesecaneaeenes 1W 
Puls@(O:S0S) sc.5vckovst scence iteae ahaa eersee aan 2.2A Storage Temperature Range «0.0.0.0... eeceeeseeeeeeeeneeeeneees -65°C to +150°C 
Power Ground (Pin 12) .............ccceecceccessesstseeeeeesetsecseceeseeeeeseteasaes +/-0.2V Lead Temperature (Soldering 10 seconds) ...................::c:ceeeeeeeeeees 300°C 
Analog Inputs — | Note: All voltages are with respect to ground Pin 10 
(PINS 12.7) ssiscdneticsicettccss Bese din aden cinema -0.3V to 7V Currents are positive into the specified terminal. 
(Pin 9, 8)... eee siden Saanub sedtecdaGaceeste eeeegauteeaee cde ...°0.3V to 6V Consult packaging section of Databook for thermal 
Clock Output Current (Pin 4)..........0ecceceecseeceeeceeeeeesseeceeecrnseeeeeeeens -5mA limitations and considerations of package. 


Error-Amplifier Output Current (Pin 3)........ saad oadalsaiebutnalietnantakuees 5mA 


CONNECTION DIAGRAMS 
TOP VIEW TOP VIEW | 


DIL-16 J or N Package; SOIC-16, DW PLCC-20, LCC-20 Q&L Packages 
Package 


CLK/LEB L+. 





Electrical Characteristics: Unless otherwise specified, these specifications apply for RT = 3.65k, CT = 1nF, Vcc = 12V, and -55° <Ta<125°C 
for the UC18xxX, -40°<TA<85°C for the UC28xxX, 0° <Ta<70°C for the UC38xxX. Tu=TA. 


PARAMETER TEST CONDITION | MIN TYPE | MAX | UNITS 
REFERENCE SECTION 
Output Voltage Ty = 25°C, lo= 1mA 


Line Regulation 12<Vec<20V ee. aa 
Load Regulation 1<lo<10mA Pe eel 
Total Output Variation Line, Load, Temp 











Temperature Sabi 
OSCILLATOR SECTION | | 
eee 
| 09 
| 0.85 | 


.03 
30 


kHz 





Temperature Stability | TMIN<TA<TMAX, (NOTE 1) 
Initial Accuracy | . Rt = 6.6k, CT = 220pF, Ta = 25°C, (Note 1) 
Rt = 6.6k, CT = 220pF, (Note 1) 
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Total Variation — 





UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


Electrical Characteristics (Continued) Unless otherwise specified, these specifications apply for Rt = 3.65k, Ct = 1nF, Vec = 12V, 
and -55° <Ta<125°C for the UC18xxX, -40°<TA<85°C for the UC28xxX, 0° <Ta<70°C for the 
UC38xxX. Tu=TA. 


3.7 


PARAMETER 
OSCILLATOR SECTION (CONTINUED) 
Clock Out High 
Clock Out Low 
Ramp Peak 


ro) 
~N 
i 
oi 
= 


Ramp Valley 


Ramp Valley to Peak 


Osc Discharge Current RT = open, V(CT) = 2V 
ERROR AMPLIFIER SECTION 

Input Offset Voltage 

Input Bias Current 


Input Offset Current 

1<Vo<4V 
1.5<Vcom<5.5V 
12<Vcc<20V 
Vpin3 = 1V 
Vpin3 = 4V 

| pin3 = -0.5mA 
| pin3 = 1mA 

F = 200KHz 
(Note 1) 


Open Loop Gain 
CMRR 

PSRR 

Output Sink Current 
Output Source Current 


Ni 
oa 


< 


Output High Voltage 

Output Low Voltage 

Gain Bandwidth Product 

Slew Rate 

PWM COMPARATOR SECTION 
Pin 7 Bias current 


Vpin7 = OV 


x 


Minimum Duty Cycle 


9 
oS 


w 
© 

oO 

@ 

“NJ 

on 


Maximum Duty Cycle 

Leading Edge Blanking R = 2k, C = 470pF 

LEB Resistor Vpin4 = 3V 

Pin 3 Zero D.C. Threshold Vpin7 = OV 

Delay to Output * Vpin3 = 2.1V, Vpin7 = 0 to 2V step, (Note 1) 
CURRENT LIMIT / START SEQUENCE / FAULT SECTION 


kohm 


— | ® 

a1 oO 
f 

nN 

nn 


[Sof'Sir Gharge Curent —_—_—~«di Wei eagySCSC~C~“‘~*S*S*~“—‘—sSC dE 
Glskeutwert er ae 
[Restart Discharge Curent ——~S~*dCWne ev SSSCS*~*~*~dSC‘ so | 
leans ee ee de eh 
[ring Gias Curent ———SSSCS*~“~*~‘dt CO SCSC=“‘~dtCSC*‘“‘“(RTO*#*#*d;S ts Sw 
FcunentumtTweshekd ——SSSC*iSSSSSSSSC~‘“~‘“~*~*‘“‘“~*dC(SS ns 
[Over Curent Threshold et 
[ruMDelayto oust —————*dsCWin ovo avawn, Wow) «SY Ya e 


OUTPUT SECTION © 
Output Low Saturation 





louT = 20mA 

louT = 200mA 
louT = 20mA 

louT = 200mA 
UVLO Output Low Saturation lo = 20mA 
Rise/Fall Time Cx = 1nF, (Note 1) 


Output High Saturation 





_~ 
RO 
Nh 
NO 


ie) 
i<o) 
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UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


Electrical Characteristics (Continued):Unless otherwise specified, these specifications apply for RT = 3.65k, Ct = 1nF, Vcc = 12V, 
and -55° <TA<125°C for the UC 18xxX, -40°<Ta<85°C for the UC28xxX, 0° <Ta<70°C for the 
UC38xxX. Tu=TA. 


UNDER VOLTAGE LOCKOUT __ | 
Start Threshold 

Stop Threshold 
UVLO Hysteresis 

Start Threshold 

UVLO Hysteresis 
SUPPLY CURRENT 


Start Up Current | Vc = Vcc = VTH(start) - 0.5V 


Note 1: This parameter is guaranteed by design but not 100% tested in production. 








os 
~sJ 


UCX823B and X825B only 
UCX823B and X825B only 
UCX823B and X825B only 
UCX823A and X825A only 
UCX823A and X825A only 
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APPLICATIONS INFORMATION 


OSCILLATOR . OSCILLATOR 


The 3823A,B/3825A,B oscillator is a saw tooth. The rising edge is governed 
by a current controlled by the RT pin and value of capacitance at the CT pin. 
The falling edge of the sawtooth sets dead time for the outputs. Selection of 
RT should be done first, based on desired maximum Duty Cycle. CT can 
then be chosen based on desired frequency, RT, and Dmax. The design 
Equations are: 
f 
RT= a 

(10mA) (1 - Dax) 

(1.6 » DMax) 

(RT*F) 


Recommended values for RT range from 1K to 100K. Control of Dmax less 
than 70% is not recommended. 


CTt= 


OSC. FREQ vs Rt & Ct CURVE 


J u 
" 
> 
™~s 
i=) 
Alo 
" 


o> 
" 
ine] 
in 
a] 
=n 


Hall ell 
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oem ant 


Rt(kohms) Rt(kohms) 





APPLICATIONS INFORMATION (Continued) 


LEADING EDGE BLANKING 


The UC3823A,B/3825A,B performs fixed frequency pulse width modu- 
lation control. The '23A,B outputs operate together at the switching fre- 
quency and can vary from 0 to some value less than 100%. The '25A,B 
outputs are alternately controlled. During every other cycle, one output 
will be off.Each output, then, switches a one-half oscillator frequency, 
varying in duty cycle from 0 to less than 50%. 


To limit maximum duty cycle, the internal clock pulse blanks both out- 
puts low during the discharge time of the oscillator. On the falling edge 
of the clock, the appropriate output(s) is driven high. The end of the 
pulse is controlled by the PWM comparator, current limit comparator, 
or the over current comparator. 


Normally the PWM comparator will sense a ramp crossing a control 
voltage (error amp output) and terminate the pulse. Leading edge 
blanking (LEB) causes the PWM comparator to be ignored for a fixed 
amount of time after the start of the pulse. This allows noise inherent 
with switched mode power conversion to be rejected. The PWM ramp 
input may not require any filtering as result of leading edge blanking. 
After the LEB interval, the PWM comparator can terminate the pulse. 


To program a Leading Edge Blanking period, connect a capacitor, C, 
to CIk/LEB. The discharge time set by C and the internal 10k resistor 
will determine the blanked interval. The 10k resistor has a 10% toler- 
ance. For more accuracy, an external 2k 1% resistor, R, can be added, 
resulting in an equivalent resistance of 1.66k with a tolerance of 2.5% 
The design equation is: 


tLEB = 0.5 «(R | | 10k) «C. 


Values of R less than 2k should not be used. 


UVLO, SOFT START AND FAULT MANAGEMENT 


Soft start is programmed by a capacitor on the SS pin. At power up, 
the SS pin is discharged. When the SS pin is low, the error amp output 
is forced to also be low. As the internal 9uA source charges the SS pin, 
the error amp output follows until closed loop regulation takes over. 


Any time that the | LIM pin exceeds 1.2V, the fault latch will be set and 
the output pins will be driven low. The soft start cap is then discharged 
by a 250uA current sink. No more output pulses are allowed until soft 
start is fully discharged, and the | LIM pin is below 1.2V. At this point 
the fault latch will be reset and the chip will execute a soft start. 


Should the fault latch be set during soft start, the outputs will be imme- 
diately terminated, but the soft start cap will not be discharged until it 
has been fully charged. This results in a controlled hiccup interval for 
continuous fault conditions. 


UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


LEB OPERATIONAL WAVEFORMS 


CLK/LEB 


RAMP 
INPUT 


BLANKED 


Leading edge blanking is also applied to the current limit comparator. 
After LEB, if the ILIM pin exceeds the one volt threshold, the pulse is 
terminated. The over current comparator, however, is not blanked. It 
will catch catastrophic over current faults without a blanking delay. Any 
time the | LIM pin exceeds 1.2V, the fault latch will be set and the out-: 
puts driven low. For this reason, some noise filtering may be required 
on the | LIM pin. 


SOFT START AND FAULT WAVEFORMS 


weer eee ee 
adeaeceaboeos woe obew 


wow mrowmeoanqegquacsec= 


4 eee Ce eee 
ny 


er or 


Cs ee 
eebeccs even edecccadocsboeancrecacee 
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UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


APPLICATIONS INFORMATION (Continued) 


ACTIVE LOW OUTPUTS DURING UVLO 


The UVLO function forces the outputs to be low and considers both Vcc 
and Vref before allowing the chip to operate. 


OUTPUT V & | DURING UVLO SIMPLIFIED SCHEMATIC 


Ee eED 
Sea eee 
0.4 0.6 


‘Current (Amps) 


SYNCHRONIZATION OPERATIONAL WAVEFORMS 


The oscillator can be synchronized by an extemal pulse inserted in series 
with the timing capacitor. Program the free running frequency of the oscilla- 
tor to be 10 to 15% slower than the desired synchronous frequency. The VSYNC 


pulse width should be greater than 10ns and less than half the discharge 
time of the oscillator. The rising edge of the CIkK/LEB pin can be used to 
generate a synchronizing pulse for other chips. Note that, the Cik/LEB pin 
will no longer accept an incoming synchronizing signal. 


GENERAL OSCILLATOR SYNCHRONIZATION TWO UNITS 


Rt! 
39pF = =1200 


22Q 


50Q 
External 
Clock 
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UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


APPLICATIONS INFORMATION (Continued) 


PWM APPLICATIONS 


CURRENT MODE VOLTAGE MODE 


'SWITCH 


HIGH CURRENT OUTPUTS POWER MOSFET DRIVE CIRCUIT 


Each totem pole output of the UC3823A,B and UC3825A,B can deliver a 2 
amp peak current into a capacitive load. The output can slew a 1000pF 
capacitor 15 volts in approximately 20 nanoseconds. Separate collector 
supply (Vc) and power ground (PGND) pins help decouple the ICs analog 
circuitry from the high power gate drive noise. The use of 3 Amp SCHOT- 
TKY diodes (1N5120, USD245 or equivalent) as shown in the figure from 
each output to both Vc and PGND are recommended. The diodes clamp 
the output swing to the supply rails, necessary with any type of 
inductive/capacitive load, typical of a MOSFET gate. SCHOTTKY diodes 
must be used because a low forward voltage drop is required, and most 3 
amp devices will suffice. DO NOT USE standard silicon diodes. 


Although a "single ended" device, two output drivers are available on the 
UC3823A,B devices. These can be “paralleled” through a series one-half 
ohm (noninductive) resistor for a combined peak current of 4 amps. GND 


01, D2, = 1N5820 


GROUND PLANES 


Each output driver of these devices is capable of 2A peak currents. Careful 
layout is essential for correct operation of the chip. A ground plane must be 
employed. A unique section of the ground plane must be designated for TO ANALOG 
high di/dt currents associated with the output stages. This point is the power EAU 
ground to which the PGND pin is connected. Power ground can be sepa- 
rated from the rest of the ground plane and connected at a single point, 
although this is not strictly necessary if the high di/dt paths are well under- 
stood and accounted for. Vcc should be bypassed directly to power ground 
with a good high frequency capacitor. The sources of the power MOSFET 
should connect to power ground as should the return connection for input 
power to the system and the bulk input capacitor. The output should be 
clamped with a high current Schottky diode to both Voc and PGND. Nothing 
else should be connected to power ground. 


= 
= 





as aaa < 


Vref should be bypassed directly to the signal portion of the ground plane 
with a good high frequency capacitor. Low esr/esi ceramic iuF capacitors 
are recommended for both Vec and Vrer. All analog circuitry should like- 
wise be bypassed to the signal ground plane. 
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UC1823A,B/1825A,B 
UC2823A,B/2825A,B 
UC3823A,B/3825A,B 


APPLICATIONS INFORMATION (Continued) 


OPEN LOOP TEST CIRCUIT 


UC3823A/B, UC3825A/B 


CIk/LEB 


cc 
Rr 3.65K Rr : 


Cr OSCILLATOR 
Cr 


RAMP 


| E/AOUT 


£\ 
1N5820 (*4) 
PWR GND 
SOFT START 
GND 


This test fixture is useful for exercising many of the UC3823A,B, As with any wideband circuit, careful grounding and bypass proce- 
UC3825A,B functions and measuring their specifications. dures should be followed. The use of a ground plane is highly recom- 
mended. : 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. MERRIMACK, NH 03054 
TEL.(603) 424-2410 e FAX (603) 424-3460 


5-126 


INTEGRATED 
CIRCUITS 


mee UNITRODE 


UC1824 
UC2824 
UC3824 


High Speed PWM Controller 


FEATURES 
¢ Complimentary Outputs 


e Practical Operation Switching Frequencies 
to 1MHz 


* 50ns Propagation Delay to Output 


¢ High Current Dual Totem Pole Outputs 
(1.54 Peak) 


¢ Wide Bandwidth Error Amplifier 


¢ Fully Latched Logic with Double Pulse 
Suppression 


e Pulse-by-Pulse Current Limiting 

e Soft Start / Max. Duty Cycle Control 

¢« Under-Voltage Lockout with Hysteresis 

e Low Start Up Current (1.1 mA) 

¢ Trimmed Bandgap Reference (5.1V + 1%) 


BLOCK DIAGRAM 


Wide Bandwidth 
(Set Dom.) 


A 


ol 
Amp 


ce Shutdown 


CPRTR 


DESCRIPTION 


The UC1824 family of PWM control ICs is optimized for high fre- 
quency switched mode power supply applications. Particular care 
was given to minimizing propagation delays through the comparators 
and logic circuitry while maximizing bandwidth and slew rate of the 
error amplifier. This controller is designed for use in either current- 
mode or voltage mode systems with the capability for input voltage 
feed-forward. 


Protection circuitry includes a current limit comparator with a 1V 
threshold, a TTL compatible shutdown port, and a soft start pin which 
will double as a maximum duty cycle clamp. The logic is fully latched 
to provide jitter free operation and prohibit multiple pulses at an out- 
put. An under-voltage lockout section with 800mV of hysteresis as- 
sures low start up current. During under-voltage lockout, the outputs 
are high impedance. 


These devices feature totem pole outputs designed to source and 
sink high peak currents from capacitive loads, such as the gate of a 
power MOSFET. The on state is designed as a high level. 


PWM Latch 
(Set Dom.) 


16] VREF5.1V 


UDG-92034 
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UC1824 


| UC2824 
| UC3824 
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS 
Supply Voltage (Pins 13, 15) ........... ccc eee ee eee 30V 
Output Current, Source or Sink (Pins 11, 14) DIL-16 (Top View) 
DG rosie hob ake be a aa owe aed eos ame 0.5A J Or N Package 
Pulse: (0.5118) sacs oe Wh 058s bo ee ee ee eo eS 2.0A. 
Analog Inputs 
(PINS 4s 2.7) sche oo tenants Sota euns -0.3V to 7V 
(Pin 8, 9)...... igs rcsteng cade ty eer eee ee -0.3V to 6V 
Clock Output Current (Pin 4) .. 00.0... 0... cee eee -5mA 
Error Amplifier Output Current (Pin 3) ................ 5mA 
Soft Start Sink Current (Pin 8)..................2.0. 20mA 
Oscillator Charging Current (Pin 5) ...............25. -5mA 
Power Dissipation ............ ccc cece eee eens 1W 
Storage Temperature Range.............. -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) .......... 300°C soft start(6] 


Note 1: All voltages are with respect to GND (Pin 10); all cur- 
rents are positive into, negative out of part; pin numbers refer to 
DIL-16 package. 

Note 3: Consult Unitrode Integrated Circuit Databook for ther- 


mal limitations and considerations of package. PLCC-20 & LCC-20 FUNCTION 
: (Top View) 
Qa&L Packages 
| NC 


ae aie 
a 
| 4 
an eat 
er ee 
| aes ey a 
| Or | 
| Ramp | 
| SoftStat || 10 
| NG 
| ILIM/SD | 12 
| 13 
| 14 | 
aes ea 
L116 | 
| 18 | 
| 19 
| 20 









SOIC-16 (Top View) 
|IDW Package 


16] VREF5.1V 


ILIM/SD 





8 14 
9 10 11 12 13 


N/C 
CT 
N/C 
N/C 
soft Start[é, a}iuim/sp 


VREF 5.1V 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , Rt = 3.65k, Ct = 1nF, Vcc 
= 15V, -55°C<TaA<125°C for the UC1824, -40°C<Ta<85°C for the UC2824, and 


0°C<TA<70°C for the UC3824, TA=Ty. 


UCc1824_ 
Ga Trve Tax [an rye [wax lunirs 
[ReternceSecion—=—S=SC~C~<;7TCS;TSTSStC<CtCtiCtCtCt 














Reference Section 





| OutputVoltage [T= 25°C lo=tmA————s«5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 520] Vv | 
| LineRegulation ss“ |10V<Vec<30v—— —“(tis‘“sé‘iLSC“‘(‘*LC 2] CT «tO || | 20 | om 
1mA < lo <10mA P| 5 | wo] | sé fl 20 | mv | 
| Temperature Stability — [Twn<Ta<Tmax | S| 2 | 4 | | 2 | 04 [mvc 
| Total Output Variation* _|Line, Load, Temperature ss ss | 5.00 | ~~ || 5.20 | 495 | | 5.25 | Vv | 
| OutputNoise Voltages |[10Hz<f<10kHz = || TCT | | 
| LongTerm Stability* [Ts = 125°C, 1000hrs. P| 5 | oe Ts | | mv 
| ShortCircuitCurrent ss |Vner=OV)— s—“(i«‘“‘SSCCC*d;S«C“AS5:«;« 50 | -100 | -15 | -50 | -100 | ma | 
Oscillator Section 7 : 

| InitialAccuracys ss [Tu= 25°C C“‘CN™CC*d;«CQG0_~'| 400 | 440 | 360 | 400 | 440 | kHz | 
10V < Vec < 30V eee ODL Bf OR Be |. oe. 
| Temperature Stability [Tun<Ta<Tmax | | TTT 8% 

| Total Variations ine, Temperature ss] 840 | | 460 | 340 | | 460 | kHz 
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UC1824 


UC2824 

UC3824 
ELECTRICAL CHARACTERISTICS _ Unless otherwise stated ,these specifications apply for , RT = 3.65k, Ct = 1nF, Vcc 
(cont.) = 15V, -55°C<Ta<125°C for the UC1824, -40°C<TA<85°C for the UC2824, and 


0°C<TA<70°C for the UC3824, TA=Ty. 


UC1824 
TEST CONDITIONS UC2824 


3 














PARAMETERS 
| MAX | MIN | TYP | MAX | 

Oscillator Section (cont. 
| ClockOutHigh = ss] —“(‘“‘(‘(‘(‘(;:;™™™C(C*dr 3 | hdl OL | 
| ClockOutlow | —“‘“(“:é‘CSOC;C!TC(*LOUC(*d Ck. | 29 || 23 | 29 | vv 
| RampPea* = =|  —ss—s—r— Sr CCC“‘(*iL 26 | 28 | 3.0 | 26 | 28 | 30 | V | 
| Rampvalleys = “ss | (itss:~—“‘(CSC*C*dCs=*ts tc | 1.25 | 7 | 1.0 | 1.25] V | 
| RampValleytoPea* | = —“‘“(‘(‘(‘(SC;#«drL LO |] 18 | 20 [ 16 [18 | 20] V | 

Error Amplifier Section 
| Input OffsetVottage =|  —“‘“‘“‘(‘(‘(‘(C(;*S*dLSSCé‘idLSC (3$’"SXU|s to [| || 48 | mv | 
| _InputBiasCurrent =| t—“‘“;™SCOCCOCL)OU(CdL OG | 39 | | CG | 8 | pa 
|_InputOffsetCurrent =| —“(‘“‘(‘CSC*TSOOC(*d OA CTs 1) | ot | ot | pa 
60 | mo | | 6 |] 3 | | oB 
| 7 | 9 | | 7 | 9 | | oB 
| PSRR——Cts=‘é*AO< Vcc x 30V— we —“(;éi‘aL WS | 1 | | 85 | 10 || |B 
| Output Sink Current [Vein = 1V 1 [25] | 1 [25 [| ma] 
| Output Source Current__[Vpina = 4V 05 | 13] |-05/-13 {| | ma | 
| 40 | 47 | 50 | 40 | 47 | 50 | v | 
| o [os] 10] o | o5 | 10] Vv 
| UnityGainBandwidth™ = | t—“‘i] OS | UT 8 |] 5S | Mz 
| SlewRates (| —“‘iP UV He te | es | 

PWM Comparator Section 
ee eee 
| DutyCycleRange | —“(tsws:S:™*™C—é—‘i;C CCE C| OT OC] | CS | CM 
Ee ee ee 
| DelaytoOutpu* = | i“ tCC~—“‘“‘S;OSC*dLSCOC*é*d:CS30'-|'_ BO ||”_——s||sS 5] | 80 | os | 

Soft-Start Section 
| 3 | 9 | mo] 3 | 9 | 2 | pA 
a ee ee 


Current Limit /Shutdown Section 


| Pin9Bias Curent _—[0<vewo<av | | || t0 |g 
| CurrentLimitThreshold | Cd | 1 | tt | 9 | 4.0 | 141 | Vv | 
| Shutdown Threshold | 1.285 | 1.40 | 1.55 | 1.25 | 140 | 1.55] Vv 
| DelaytoOutpt | CE 8 | co || 50 | 80 | os | 
| Ouprtowlevel Jura 20mA________}_1 028 | 0a |_0.28 0.40 |_¥_ 
tour=200mA | te | ee | te | 22 | ov 

| Caputtightevel outa 20mA_—____} 1901-195 |_1 130.1 4381} v_ 
llour=-200mA_ st 12.0 | 130 | 120] 130 | |v 

} Golegor Leakage Ye= SOY ____}__t0p,_{_s0 1, 4000. | pA 
Rise/Fall Time* (CuetnF CE 8 | | 80 | 80 | ns 


Under-Voltage Lockout Section 





| StatThreshold = | —“‘“CS;™OC (Ct 8 | 92 | 96 | 88 | 92 | 96 | V | 

| UVLOHysteresis | —“(tsts~—“‘iLC ON *| CB | 12 | 4 | 8 | 12 | V_ 

Supply Current Section 

| StatUpCurrent ss [veo=ev— lt fl || tt | 5 | ma 
ICC VPIN1, VPIN7, VPN =OV; VeIn2=1V_ | | 22 | 33 | | 22 | 33 | mA _ 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1824 Printed Circuit Board Layout Considerations 


High speed circuits demand careful attention to layout 
and component placement. To assure proper performance 
of the UC1824 follow these rules: 1) Use a ground plane. 
2) Damp or clamp parasitic inductive kick energy from the 
gate of driven MOSFETs. Do not allow the output pins to 
ring below ground. A series gate resistor of a shunt 1 Amp 
Schottky diode at the output pin will serve this purpose. 3) 


Error Amplifier Circuit _ 


UC1824 
UC2824 
UC3824 


Bypass Vcc, Vc, and VREF. Use 0.1uF monolithic ceramic 
Capacitors with low equivalent series inductance. Allow 
less than 1 cm of total lead length for each capacitor be- 
tween the bypassed pin and the ground plane. 4) Treat 
the timing capacitor, CT, like a bypass capacitor. 


Simplified Schematic 


[ucteas 














100 1K 10K 100K 1M 10M 100M 


FREQ (Hz) 


Synchronized Operation 
Two Units in Close Proximity 


UC1824 UC1824 
[t 4 | 


VREF 5.1V 


Error Amp 





PAL 
| SAMMNIETS 
0.4 06 0.8 
TIME (ps) 





Generalized Synchronization 





UC1824 
UC2824 


Oscillator Circuit UC3824 


Primary Output Deadtime vs CT (3k < RT < 100k) 


[ ucts24 _ 


470 
2.20 
1.00 
0.47 


TD (us) 











Blanking 022 


—rL [4 
nD e=rIe- (y) 400nA 0.10 


he 0.047 
ree 007 10 47 100 


Cr (nF) 


Primary Output Deadtime vs Frequency 


100k 




















100 1k 10k 100k 1M 


FREQ (Hz) FREQ (Hz) 


Typical Dead Time (Tp) Over Temperature 








Non-Overlap Time (TNO) Over Temperature 
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UC1824 
UC2824 
UC3824 


Forward Technique for Off-Line Voltage Mode Application 





Constant Volt-Second Clamp Circuit 


The circuit shown here will achieve a constant volt-sec- 
ond product clamp over varying input voltages. The 
ramp generator components, RT and Cr are chosen so 
that the ramp at Pin 9 crosses the 1V threshold at the 
same time the desired maximum volt-second product 
is reached. The delay through the functional nor block 
must be such that the ramp capacitor can be com- 
pletely discharged during the minimum deadtime. 





Output Section 


Simplified Schematic Rise/Fall Time (CL=1nF) 


UC1824 0.2 
It (A) 


0 


0.2 








0 40 80 120 160 200 


Time (ns) 


Saturation Curves 
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UC1824 
UC2824 


Open Loop Laboratory Test Fixture UC3824 


UC1824 


RT 3.65k 
Oscillator 


CT 1.0nF 


oe 
= 


Ramp 


Error 
Amp 


Bh eh eet ey el 


Shutdown 


UDG-92036-1 


This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by- 
UC1824’s functions and measuring their specifications. | pass procedures should be followed. The use of a 
ground plane is highly recommended. 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


5-133 
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| | | | CIRCUITS 


Ke UC1825 
Ds UC2825 





ae UNITRODE 
. = UC3825 
High Speed PWM Controller 
FEATURES. DESCRIPTION 
_ © Compatible with Voltage or Current Mode The UC1825 family of PWM control ICs is optimized for high fre- 
Topologies quency switched mode power supply applications. Particular care 
* Practical Operation Switching Frequencies was given to minimizing propagation delays through the comparators 
to 1MHz | and logic circuitry while maximizing bandwidth and slew rate of the 
error amplifier. This controller is designed for use in either current- 
¢  50ns Propagation Delay to Output mode or voltage mode systems with the capability for input voltage 


e High Current Dual Totem Pole Outputs feed-forward. 


(1.5A Peak) Protection circuitry includes a current limit comparator with a 1V 

* Wide Bandwidth Error Amplifier threshold, a TTL compatible shutdown port, and a soft start pin which 
will double as a maximum duty cycle clamp. The logic is fully latched 

¢ Fully Latched Logic with Double Pulse to provide jitter free operation and prohibit multiple pulses at an out- 
Suppression put. An under-voltage lockout section with 800mV of hysteresis as- 
sures low start up current. During under-voltage lockout, the outputs 


¢ Pulse-by-Pulse Current Limiting are high impedance 


0 i ee These devices feature totem pole outputs designed to source and 

e Under-Voltage Lockout with Hysteresis sink high peak currents from capacitive loads, such as the gate of a 
OSFET. Th tate i ji igh level. 

° Low Start Up Current (1.1 mA) power MOSFET. The on state is designed as a high level 


¢ Trimmed Bandgap Reference (5.1V + 1%) 


BLOCK DIAGRAM 


Wide Bandwidth 
(Set Dom.) 


LR 


Soft Start [8 


i Shutdown 


ILim/SD {9 


16] VREF5.1V 


UDG-92080 | 
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UC1825 


UC2825 
UC3825 

Aicatear Fraps RATINGS (Note 1) CONNECTION DIAGRAMS 

upply Voltage (Pins 13, 15) ...................000 8 30V ; 

Output Current, Source or Sink (Pins 11, 14) DIL-16 (Top View) 

DG ito ccoceounan ade dnen sentence eceone ses 0.54 | J Or N Package 

Pulse: (05S) o.235 464-2 o ese dapage dan teea were cb ee ee 2.0A 

Analog Inputs 

(PINS G25 7) seats orem enews te nates eens te -0.3V to 7V 

CPU GD) ct ce ate ct ate ch poe ced pera eek Gctitelle as -0.3V to 6V 

Clock Output Current (Pin 4) .......... 2.0.2.0 cee eee -5mA 

Error Amplifier Output Current (Pin 3)................ 5mA 

Soft Start Sink Current (Pin 8) ..................... 20mA 

Oscillator Charging Current (Pin 5) .................. -5mA 

Power Dissipation .......... 0... cece cee ee eens 1W 

Storage Temperature Range.............. -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) .......... 300°C 


Soft Start 8 | 





Note 1: All voltages are with respect to GND (Pin 10); all cur- 
rents are positive into, negative out of part; pin numbers refer to 


Noise Coch "PACKAGE PIN FUNCTION 
Note 3: Consult Unitrode Integrated Circuit Databook for ther- PACKAGE PIN FUNCTION 


mal limitations and considerations of package. PLCC-20 & LCC-20 
N/C 
RT 
CT 





(Top View) 


| NG 

i, ere 

Xe area 

| Ramp 

13 
N/C 


2 


SOIC-16 (Top View) 
DW Package 


6] VREF5.1V T 


—h 
{GO INO 


8 14 
9 10 11 12 13 





| 14 | 
Pwr Gnd 


Soft Start|8| '9 JILIM/SD 
VREF 5.1V 20 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , Rt = 3.65k, Ct = 1nF, Vcc 
= 15V, -55°C<Ta<125°C for the UC 1825, -40°C<TaA<85°C for the UC2825, and 


0°C<TA<70°C for the UC3825, TA=Ty. 
UC1825 
PARAMETERS TEST CONDITIONS UC2825 


Reference Section 
Output Voltage Ty = 25°C, lo=1mA 

|Line Regulation = |10V<Voo<30V0 | 
|_LoadRegulation | mA< lo. < 10mA 
Line, Load, Temperature 
10Hz < f < 10kHz 
Tu = 125°C, 1000hrs. 
VREF = OV 

Oscillator Section 
Ty = 25°C 
10V < Voc < 30V 
| Temperature Stability* _|[Twn<Ta<Twax 
340 
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UC1825 


UC2825 

UC3825 
ELECTRICAL CHARACTERISTICS. __ Unless otherwise stated,these specifications apply for , RT = 3.65k, Ct = 1nF, Vcc 
(cont.) = 15V, -55°C<TaA<125°C for the UC1825, -40°C<TA<85°C for the UC2825, and 


0°C<TaA<70°C for the UC3825, Ta=Ty. 


| PARAMETERS TEST CONDITIONS UC2825 
| | min | Typ | Max | min | TYP | MAX [UNITS | 


Oscillator Section (cont. 























| ClockOutHigh = “as| tt C™~“‘““‘SCOC(;*LCOOG'| 45 | ~~] 39 | 45 | [| OV 
| ClockOutlow = (as | tt t—“‘“(C‘“CSCOCCOCOC*C*C#*dNSCOCCO(*C BT 2G || 23 | 29 | Vv 
| RampPeak® = as] t—“‘“O;™OCOC;C;C;C*C*#drS«C2wG =| 2.8 | 30 | 26 | 28 | 30 | V_| 
[| RampValleyy == | —“‘CSC;C*drCOO’:«*«|s«*1.0:«( 4.25 | 7 | 10 | 1.25] V_ | 
| RampValleytoPeak* | = ss — CC—“‘é‘i‘ A dE 1B | OO L1G | 18 | 20] V 
Error Amplifier Section | 
| _inputOffsetVoltage | s—“‘“C;C*iLSC‘sL]SC(O(US*d;:CtQST tm 
| InputBiasCurrent =| —“‘“;é‘CSC;COCOCOC*NCO(*NCOOG WT 3 || OG | 3 | pA 
| InputOffsetCurent = || CC s—“‘LSC“‘zU;COOAT 4 |] ot Tt pa 
| OpenLoopGain stV<Vo<4v—— —“(t”CSC~*C—‘iLCSSTC HC] S| | SH || BC 
| CMAR SV <Vomc55V0 OC sC*C“‘iR I‘ | 95 | | 75 | 985 | |B 
p41 [25 | | 1 | a5 | | ma | 
| OutputSource Current |Vpna=4v CT OH] HAS] | 05 | 13 | | mA | 
| OutputHigh Voltage ipins=-05mA—— CsCsé‘L:SCAAW S| 7 | 50 | 40 | 47 | 50 | V 
oo jos|i10] o | os | 10] v | 
| UnityGainBandwidth® = | C(‘iT | || 8 | 8 | MHz 
| SlewRate* (“as | ( —“‘“(“(“‘“(‘(‘iP C~sdC H] | | te | is | 
PWM Comparator Section 
| Pin7BiasCurent ss |Vpn7=OV.—  C“‘idSSCCT et | || et |S ma 
| DutyCycleRange =| —“(‘“‘“(‘“#;$;S;CZC(C*NC COO CTCd| CO | COC | CUT wT OH 
| Pin3ZeroDC Threshold [ven7=OV CH | tt 5 | UV 
| DelaytoOutput* ss (“ss| tt —“(‘“C:é‘CSOS™C;O!CCO(C*YC(+*d,CS5}0—- |_ GO| | 50 || 80 |] ns 
Soft-Start Section 
| ChargeCurrent ss [Vpns=05V)—— C“(is:s*‘“‘(C‘LS O3sC| «9 | FOC] 3 | CO | 20 | pA 
| DischargeCurent ss [Vpna=tv— C(ié‘i;CST CTC CE tt TCT Sma 
Current Limit / Shutdown Section . 
| Pin9BiasCurent _—s- |[O<Vpno<4v CT Ct || St 
| CurrentLimit Threshold | —“(‘“‘“C#*d COO CWT 1.0: | 164 «| OD | 10 | 1.4 | V_| 
| ShutdownThreshold =| —Ci‘“‘*C‘*d:«CiN«aS | 1.40 | 1.55 | 1.25 | 1.40 | 1.55 | V_ | 
| DelaytoOutput ——(ss| tt —“‘“‘CS*C;*;™;!CC(C*NCCC*dT CS | BO ~~ CT 50: | 80 | ons | 
Output Section | 
; OamulowLevel —— Hour=20mA_____|__| 028. 040| | 0.25 | 0.40 
lour=200mA— —“(tws~*~*é‘(RLC“(‘#$§#”CS 4 | 2D | | 2 | 22 | Vv | 
| Output High Level Hour = <2omA_ 130] 138 /_{ 190 | 185 )_{_v_ 
| four=-200mA_— i“ (ts:—~—=“‘icL CY 130] =f 120/130] | V | 
| Collector Leakage _—=([Vc = 30V | | 100 | 500] ~—|_-10 | 500 | A | 
CL = 1nF | | ao | oo |  ~— | 30 | Go | os | 
| StartThreshold = “ss| tt t—“‘“™é‘™S;OC;C™;C!CCOCC(*#N 88 «| 98:2 | 96 | 88 | 92 | 96 | V__ 
| UvLOHysteresis (ss | —“(‘“(‘CS;;W!OO(dL O4 | OB | 12 | 04 | 08 | 12] V | 
Supply Current Section | 
| StartUpCurrent sss (Vec=8v0— es —“(tsts—‘“‘écLCSCdt a | 5 || tt | 25 | mA | 
VPIN1, VPIN7, VPINS=OV; Ven2=tv_ | | 22 | 33 | | 22 | 33 | mA _| 


* This parameter not 100% tested in production but guaranteed by design. 
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Printed Circuit Board Layout Considerations 


High speed circuits demand careful attention to layout 
and component placement. To assure proper performance 
of the UC1825 follow these rules: 1) Use a ground plane. 
2) Damp or clamp parasitic inductive kick energy from the 
gate of driven MOSFETs. Do not allow the output pins to 
ring below ground. A series gate resistor of a shunt 1 Amp 
Schottky diode at the output pin will serve this purpose. 3) 


Error Amplifier Circuit 


UC1825 
UC2825 
UC3825 


Bypass Vcc, Vc, and VREF. Use 0.1uF monolithic ceramic 
Capacitors with low equivalent series inductance. Allow 
less than 1 cm of total lead length for each capacitor be- 
tween the bypassed pin and the ground plane. 4) Treat 
the timing capacitor, CT, like a bypass capacitor. 


Simplified Schematic 


100 1K 10K 100K 1M 10M 100M 


FREQ (Hz) 


PWM Applications 
Conventional (Voltage Mode) 


AZ| [ucis2s 
Cr 





Error Amp 
Output 


me VT EN TT 
hel TENT 


0.4 0.6 
TIME (ps) 


0.8 





Current-Mode 


ISWITCH UC1825 


RsENse | 


* A small filter may be required to 
suppress switch noise. 
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Oscillator Circuit | UC3825. 


[ ucte25 


047 
00477 #10 22 47 100 2 
Cr (nF) 


Deadtime vs Frequency 





FREQ (Hz) FREQ (Hz) 





Synchronized Operation 





Two Units in Close Proximity Generalized Synchronization 


UCt825 | 


Local 


Sla 


Cr Ramp : | 
| Master a : 
= ve | 
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UC1825 


UC2825 
Forward Technique for Off-Line Voltage Mode Application UC3825 





Constant Volt-Second Clamp Circuit 


The circuit shown here will achieve a constant volt-sec- 
ond product clamp over varying input voltages. The 
ramp generator components, RT and CR are chosen so 
that the ramp at Pin 9 crosses the 1V threshold at the 
same time the desired maximum volit-second product 
is reached. The delay through the functional nor block 
must be such that the ramp capacitor can be com- 
pletely discharged during the minimum deadtime. 


40 80 120 160 200 


Time (ns) 


Saturation Curves 
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UC1825 


UC2825 
Open Loop Laboratory Test Fixture | UC3825 


UC1825 


RT 3.65k 
Oscillator 


CT 1.0nF 


CT 0.1pF 
ae 
Ramp 
@ 


IS {EVA Out Out B 5 
eo pee RR 2 x 1N5820 


Gnd 


Gnd 10} ~ 
0.1pF 
Yee feb 


Shutdown 


UDG-92032-1 

This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by- 

UC1825’s functions and measuring their specifications. | pass procedures should be followed. The use of a 
ground plane is highly recommended. 





Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency 
a 


= Vout 5V 
‘8uH 
r—-fi5] 15VZ - x 5 vy 1-10A 
| Vee ie “aie, etl, ale =a iat 5 


0.1F [P16 VRer 7 iN 
4.3k TT 42|NI T5820 ate 


+ 


PT {INV 


| 
InF E/A 
3.3k Out 


Nc [4lcik as 6 | 
10nF 

Gn nal 120pF 
Gnd SS 


T Sa eee 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 





UDG-92033-1 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


Current Mode PWM Controller IC 


FEATURES 


Wide Operating Range 


Programmable Triangle Wave 
Generator 


Low IsENSE Delay 

Low Start-up Current 

Built-in Programmable Blanking 
Latched Shutdown Pin 


Programmable Start-up 
Threshold with Default Setting 


Fully Synchronizing Oscillator 
Soft-Start ‘Capability 


Open-collector Totem Pole 
Output can Drive High-Side 
Switch 


BLOCK DIAGRAM 





Vcc 


Enable 
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UC1828 
UC2828 
UC3828 
ADVANCED INFORMATION 


DESCRIPTION | 

The UC1828 family of PWM controller ICs builds on the features offered in the 
UC1842 family. This new family has improved speed and accuracy, added 
functionality, and lower power requirements. 


The oscillator is programmed by the user’s selection of external resistors and a 
capacitor. One resistor accurately sets the charge current in the capacitor, 
while the other accurately sets the discharge current. This allows highly accu- 
rate frequency and duty cycle programming. . 


The S/D Latch pin, when given a high positive input command, will latch the 
output off until reset by the Enable pin. The S/D Latch function is designed to 
operate with very low delay times. 


The Enable pin, when given a high positive input command, will reset the flip- 
flop set by the S/D Latch pin. If the Enable pin is connected directly to Vcc, the 
device will default to the settings of the internal UVLO circuitry. 


The S/S Cap pin is used for programming soft-start capability. The user simply 
applies a small capacitor to this pin to set the soft start function. Each time the 
device is forced into a current-fault situation, it will go through a full soft start 
cycle, thus preventing current runaway. 


The Clk/Sync pin can be used to easily synchronize two UC1828 devices to the 
same frequency. 










| | 5V REF 







| | PWM Out 
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Precision Low Dropout Linear Controllers 


FEATURES | 
e Precision 1% Reference 


¢ Over-Current Sense Threshold 
Accurate to 5% 


e Programmable Duty-Ratio | 
Over-Current Protection 


¢ 4.5V to 36V Operation 


¢  400mA Output Drive, Source or 
Sink 


e Under-Voltage Lockout 


Additional Features of the UC1832 
series: : 


e Adjustable Current Limit to 
Current Sense Ratio 


¢ Separate +ViIN terminal 

e Programmable Driver Current 
Limit 

e Access to Vrer and E/A(+) 


¢ Logic-Level Disable Input 


BLOCK DIAGRAMS 


__ 
ee 


+2V Logic. ey Comp/ 
REF Disable 


Shutdows 
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Ky, UC1832/3 


UC3832/3 





DESCRIPTION 


The UC1832 and UC1833 series of precision linear regulators include all the 
control functions required in the design of very low dropout linear regulators. 
Additionally, they feature an innovative duty-ratio current limiting technique 
which provides peak load capability while limiting the average power dissipa- 
tion of the external pass transistor during fault conditions. When the load cur- 
rent reaches an accurately programmed threshold, a gated-astable timer is 
enabled, which switches the regulator’s pass device off and on at an externally 
programmable duty-ratio. During the on-time of the pass element, the output 


~ current is limited to a value slightly higher than the trip threshold of the duty-ra- 


tio timer. The constant-current-limit is programmable on the UCx832 to allow 
higher peak current during the on-time of the pass device. With duty-ratio con- 
trol, high initial load demands and short circuit protection may both be accom- 
modated without extra heat sinking or foldback current limiting. Additionally, if 
the timer pin is grounded, the duty-ratio timer is disabled, and the IC operates 


in constant-voltage/constant-current regulating mode. 


These IC’s include a 2 Volt (+1%) reference, error amplifier, UVLO, and a high 
current driver that has both source and sink outputs, allowing the use of either 
NPN or PNP external pass transistors. Safe operation is assured by the inclu- 
sion of under-voltage lockout (UVLO) and thermal shutdown. 


The UC1833 family includes the basic functions of this design in a low-cost, 8- 
pin mini-dip package, while the UC1832 series provides added versatility with 
the availability of 14 pins. Packaging options include plastic (N suffix), or ce- 
ramic (J suffix). Specified operating temperature ranges are: commercial (0°C 
to 70°C), order UC3832/3 (N or J); industrial (-25°C to 85°C), order UC2832/3 
(N or J); and military (-55°C to 125°C), order UC1832/3J. Surface mount 
packaging is also available. 


E/A(+) C/S(-) 


@ 


st 
a 2.40 8) 
rest 


Source ou. 


Limit 


Comp 
Shutdown 


UDG-92040 » 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +VIN. 0.1... ee cee eee eee 40V 
Driver Output Current (Sink or Source) ............. 450mA 
Driver Sink to Source Voltage ........... 0... eee eee 40V 
TRC Pin Voltage...............--. 0 eee eee —0.3V to 3.2V 
Other Input Voltages ....................4. —0.3V to +VIN 
Operating Junction Temperature (note 2) ... —55°C to +150°C 
Storage Temperature................... —65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C 


CONNECTION DIAGRAMS 


DIL-14 (Top View) 
J Or N Package 


urrent 
14 Soreecr) 

urrent 
sure 
12| Timer RC 


Comp/ 
Shutdown 2 


SOIC-16 (Top View) 
DW Package 


Current 
16] Sense(+) 
G Current 

Sense(-) 


44) Timer RC 


Sense (+) 8 


PACKAGE PIN FUNCTION 
FUNCTION PIN 
+VIN pee | 
| +2VREF Ss | 
| NC FCC eC 
| Logic Disable | 8 
| Limit =| 9 
| Vaby dT 14 
| 18 
EO | 


LCC-20 & PLCC-20 
L & Q Package — 
(Top View) 


8 14 
9 10 11 12 13 


VADJ 
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UC1832/3 
UC2832/3 
UC3832/3 


Note 1: Unless otherwise indicated, voltages are referenced to 
ground and currents are positive into, negative out of, the speci- 
fied terminals. : 

Note 2: See Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limitations of 
packages. 























DIL-8 (Top View) 
J Or N Package 


cist ra] gurrent, 
shugo 2 | Timer RC 
Gnd|3| 6 | Sink 
Source | 4| TS] E/A(-) 





SOIC-16 (Top View) 
DW Package 
dst5 Ol 

Shutdown 2 










14) Timer RC 


14] N/C 
NO| Sink 
19} E/A(-) 








PACKAGE PIN FUNCTION 
+VIN & C/S(+ 
- NC. 
[NC 
Comp/Shutdown 
Gnd 


N 
N 
N 
[| Gnd 
N 
N 
N 


LCC-20 & PLCC-20 
L &Q Package 

















Source 


[ PIN 
a aa 
Sa: ee 
C | 
C 
| 6 
C 
C | 8 
C | 9 
| Source «| = 10 sis” 
N/C 
N/C 
N/C 


8 14 
9 10 11 12 13 





PAC) | 


| NC 
PING e sc ee! 
Timer RC 

TNC. COS18-20 | 


12 
13 
14 
15 
17 
18 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, specifications hold for TA = 0°C to 70°C for the 
: | UC3832/3, —25°C to 85°C for the UC2832/3, and -55°C to 125°C for the 


UC1832/3, +ViN = 15V, Driver sink = +Vin, C/S(+) voltage = +VIN. TA=Ty. 
TEST CONDITIONS 


PARAMETER 


Supply Current eVIn=6V0 
+VIN = 36V lie 
Logic Disable = 2V (UCx832 only) ees 


Reference Section 


Output Voltage (Note 3) Ty = 25°C, IDRIVER = 10mMA 
over temperature, IDRIVER = 10mA 
Load Regulation (UCx832 onl ouT = 0 to 10mA 


Line Regulation +VIN = 4.5 to 36V, IDRIVER = 10mA 
Under-Voltage Lockout Threshold 


Logic Disable Input (UCx832 only) 
Threshold Voltage 
Input Bias Current 


3 |3 
<5 |2|<|< 


a 
5 
Oo 
, 
S 
B I< 






[CurrentSenseSection, 
j Comparator eet 100_| 105 
Over Temperature 83 | 100 | 107 | mv | 

| Amplifier Offset (UCx833 only) | 180 | 185 | 170 
Ampifier Offset (UCx832 only) |Vabv=Open 10 | 135 | 170 | mv 
VaetV 180 | 285 | 290 | mv 

Vas=ove 280 | 305 | 360 | mv 

|_InputBias Current [Vemeevn | 100 | 135 | A 
[Input Offset Current (UCx832 only) |Vom=4Vin tO | 10 
| Amplifier CMRR (UCx832 only) |Vom=4.1Vtosvineo.sv | 80 | 
|_Transconductance COMP = #100 pA ee 
|_Vadj Input Current (UCx832 only) |Vav=OV tt Tt | 





| Inactive Leakage Current (C/S(+) = C/S()=+Vin; TRCpin=2v CdS 025 | 10 | A 
C/S(+) = +VIN, C/S(-) = +VIN - 0.4V; TRC pin = OV | -345 | -270 | -175 | pA | 
| DutyRatio(note4) ——fontime/period, RT=200k,Cr=.27uF_ “ss | | || 
|| 36 | ems | 
| _UpperTripThreshold (Vu) | —C—(‘“‘“‘C‘imSCidC CA OTT 
| LowerTripThreshold(v) = | —C(i‘“‘“‘C;S™S™;™CCCC*dT:C(‘*N OH | |v 
| TripThresholdRatio = ss [VM —“‘“CSSC*SLSCOC*dT | OT WV I 


Error Amplifier 


| Input Offset Voltage (UCx832 only) [Vem=Vcomp=2v | BO || 8.0 | mv 
|_inputBias Current [VeM=Veomp=ev0 4 | tt | A 
| Input Offset Current (UCx832 only) |Vom=Voowp=2V tS |S | pA 
pAVOR OT compstvtotgy | | | 
| CMRR(UCxB32 only) [Vem=OVtowvn-3v_ st | 8 | 
| PSRR(UCx832 only) [VeM=2V,4Vin=45to3ev_ | | 8 | 
|_Transconductance Ss icomp=2tQA || mS 
| VOH fico =0,Voltsbelowevin To | | 

VOL : lcome=o Ts | 
p HOH compar 700 | -500 | -100 
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UC1832/3 

UC2832/3 

UC3832/3 
ELECTRICAL Unless otherwise stated, specifications hold for TA = 0°C to 70°C for the UC3832/3, —25°C to 


CHARACTERISTICS (cont ) 85°C for the UC2832/3, and —55°C to 125°C for the UC1832/3, +Vin = 15V, Driver sink = 
“’ +ViN, C/S(+) voltage = +VIN. TA=Ty. 


[| PARAMETER | CTESTCONDITIONS ~~ MIN | TYP | Max [UNrTS| 
IOL Vcomp =2V,C/S()=+vin_ st 100 | 500 | 700 | pA | 
Vcomp =2V,C/S()=4VI-aav | 2 


Maximum Current Driver Limit & Source pins common; Ty = 25°C | 300 | 
| 300 _ 
















Limiting Voltage 


Compensation/Shutdown = 0.4V, +ViN = 36V; Driver 
Sink = 35V 









UVLO Sink Leakage 





Maximum Reverse Source Voltage 


Thermal Shutdown 


Note 3: On the UCx833 this voltage is defined as the regulating level at the error amplifier inverting input, with the error amplifier 
driving VSOURCE to 2V. 

Note 4: These parameters are first-order supply-independent, however both may vary with supply for +V\n less than about 4V. This 
supply variation will cause a slight change in the timer period and duty cycle, although a high off-time/on-time ratio will be main- 
tained. 

Note 5: With recommended Rr value of 200k, TorF~ RT Cr * In(Vu/VI) +10%. 

Note 6: The intemal current limiting voltage has a temperature dependence of approximately -2.0mV/°C, or -2800ppm/°C. The inter- 
nal 2.4 Q sense resistor has a temperature dependance of approximately +1500ppm/°C. 


Compensation/Shutdown = OV; IsOURCE = 100A, 
+VIN = 3V 











APPLICATION AND OPERATION INFORMATION 
NPN Pass (Local 100mA Regulator) (UCx833) 


+15V 1.0 10OMA 
e 


—_—p> 
2.4 
Soe geniy 


loot 
] 
Ss 


Cc 
| ucxeas 


200k 











“Cc 


| UCx833 


10 
UCx832 


Estimating Maximum Load Capacitance 

For any power supply, the rate at which the total output 
capacitance can be charged depends on the maximum 
output current available and on the nature of the load. For 
a constant-current current-limited power supply, the out- 
put will come up if the load asks for less than the maxi- 
mum available short-circuit limit current. 


To guarantee recovery of a duty-ratio current-limited 
power supply from a short-circuited load condition, there 
is a maximum total output capacitance which can be 
charged for a given unit ON time. The design value of ON 
time can be adjusted by changing the timing capacitor. 
Nominally, TON = 0.693 x 10k x Cr. 


Typically, the IC regulates output current to a maximum of 
IMAX = K X ITH, where ITH is the timer trip-point current, 
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UC1832/3 
UC2832/3 
UC3832/3 


UDG-92042 


UDG-92043 


Current Sense AmplifierOffset Voltage 
100mA 


«1.35 for UCx833, and is variable from 1.35 to 3.05 
with VADJ for the UCx832. 


For a worst-case constant-current load of value just less 
than ITH, CMAX can be estimated from: 





and K= 


Cmax = ((K-1)/TH) EM, 


where VOUT is the nominal regulator output voltage. 


For a resistive load of value RL, the value of CMAXx can be 
estimated from: 


Ble 1 
Re VouT -1 
iG Kelme RD | 


UC1832/3 
UC2832/3 


APPLICATION AND OPERATION INFORMATION (cont) peoeees 


Current Sense Amplifier Offset Voltage vs VADJ 





Offset Voltage - mV 
BS B8 


0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 
VADJ (Pin 11 - UCx832 only) - V 


UCx832/33 Timer Function 


Internal 
2.7V 


From 
C/S Comp 


10k 


UCx832 only, 


TRC Pin see note“ 





Shutdown = To Timer To E/A 


Input Override 


1.8V/0.95V *Note: Vos=35mV for UCx833 


Vos=205 to 35mV for UCx832 





Load current, timing capacitor voltage, and output voitage of 
the regulator under fault conditions. 


Overload 


Voltage 


Output 
Voltage 


| =2 TON aor as oe | 
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| APPLICATION AND OPERATION INFORMATION (cont.) - 


UCx832 Error Amplifier 


AVOL vs Frequency and Cc 


BD im eee 
st a A 
NN tS 
A | ii Seer A 
Ray NTI 
i TSS TTT 
SUNT AAI ATT ETT TUT UTS Tl 
CUTIE TINT EAT VTE TIE CETTE 


1E+00 1£+01 1&+02 1£+03 1E£+04 1E+05 1&+06 1E+07 
Frequency - (Hz) 


AVOL - (dB) 








UCx832 Error Amplifier 


Transconductance and Phase vs Frequency 
Phase Shift degrees), 


nema ——|——| |_|} _| 


2 a Ueda init C) 


i Seve ca he Os A en, ee Oe Ow OE, 
HHH 


G61 ee et SSE 
Bae ee eee es eal 150 





Frequency - (kHz) 
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UCx832 Current Sense Amplifier 


AVOL vs Frequency and Cc 


i a 
BI nis 

0 0 Ls Sc 
CTT SSP 
CECT HTTP SSS 
1 A NU 
































0.01 0.1 1 10 
Frequency - (Hz) 


UCx832 Current Sense Amplifier 


Transconductance and Phase vs Frequency 






























































Frequency - (kHz) 
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High Efficiency Linear Regulator 


FEATURES 


Minimum VIN - VouT Less Than 
0.5V At 5A Load With External 
Pass Device 


Equally Usable For Either Positive 
or Negative Regulator Design 


Adjustable Low Threshold Current 
Sense Amplifier 


Under And Over-Voltage Fault Alert 
With Programmable Delay 


Over-Voltage Fault Latch With 
100mA Crowbar Drive Output 


BLOCK DIAGRAM 


NI. [8] 


INV. [3] 


i ERROR 
AMP_- 


= UC1834 
A UC2834 
UC3834 


DESCRIPTION 


The UC1834 family of integrated circuits is optimized for the design of low 
input-output differential linear regulators. A high gain amplifier and 200mA 
sink or source drive outputs facilitate high output current designs which use 
an external pass device. With both positive and negative precision refer- 
ences, either polarity of regulator can be implemented. A current sense am- 
plifier with a low, adjustable, threshold can be used to sense and nent 
currents in either the positive or negative supply lines. 


In addition, this series of parts has a fault monitoring circuit which senses 
both under and over-voltage fault conditions. After a user defined delay for 
transient rejection, this circuitry provides a fault alert output for either fault 
condition. In the over-voltage case, a 100mA crowbar output is activated. 
An over-voltage latch will maintain the crowbar output and can be used to 
shutdown the driver outputs. System control to the device can be accom- 
modated at a single input which will act as both a supply reset and remote 
shutdown terminal. These die are protected against excessive power dissi- 
pation by an internal thermal shutdown function. 


4 DRIVER SINK 


DRIVER SOURCE 


VER-VOLTAGE 


VIN+ 


+1.5V REFERENCE 
-2.0V REFERENCE 
_ ViN- 

‘SENSE- 


SENSE+ 


THRESHOLD 
ADJ. 
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5] CROWBAR GATE 
O.V. LATCH & RESET | 
4) COMPENSATION/SHUTDOWN 


FAULT DELAY 


} FAULT ALERT 
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UC2834 
ae. os UC3834 
ABSOLUTE MAXIMUM RATINGS (Note 1) 3 a Pies r 
Input Supply Voltage, VIN+ ......... 0. cee ee ees 40V __— Power Dissipation at TA= 25°C......... ctatatcenaas 1000mWw 
EP AVON CUNTOR soc s acavaienee tesa a ahaa mh ace are gue om 400mA __s— Power Dissipation at Tc = 25°C.................. 2000mW 
Driver Source to Sink Voltage ............. 0. cee eee 40V Operating Junction Temperature........... -55°C to +150°C 
Crowbar Current............ ee eee ee eee -200mA Storage Temperature............... ae -65°C to +150°C 
+1.5V Reference Output Current.................. -10mA _ Lead Temperature (soldering, 10 seconds)........ ... 300°C 
Fault Alert Voltage .............. ee ee eres 40V. Note 1: Voltages are reference to Vin-, Pin 5. | 
Fault Alert Current .............. 02. e cece ee eee eee —15mA Currents are positive into, negative out of the specified 
Error Amplifier Inputs ....................2.. -0.5V to 35V terminals, 3 ae 
Current Sense Inputs ................. amas -0.5V to 40V - Consult Packaging section of Databook for thermal 
O.V. Latch Output Voltage ...............000. -0.5V to 40V limitations and considerations of package. 
O.V. Latch Output Current .................00 00 .. 15mA | | 


CONNECTION DIAGRAMS 


| DIL-16, SOIC-16 (TOP VIEW) 
J or N Package, DW Package 


|PLCC-20, LCC-20 (TOP VIEW) 
Q, L Packages 


PACKAGE PIN FUNCTION 
FUNCTION 


VIN+ 
-2.0V Ref. 


+1.5V Ref. 


Threshold 
Adj. 
ViN- 


Sense- 
Sense+ 


N.inv.input 





Crowbar Gate 


O.V. Latch 
Output/Reset 


Compensation/ 
Shutdown 


Driver Source 
Driver Sink 
Fault Delay 
Fault Alert 


Inv. Input 
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8 14 
9 10 111213 


7 
) 


Driver Source 


Compensation/ Shutdown}. 18 . 


C 
C 
NIC 
C 


_ 
Ni 


O.V. Latch Output/Reset 





UC1834 
UC2834 
UC3834 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta=-55°C to +125°C 
for the UC1834, -40°C to +85°C for the UC2834, and 0°C to +70°C for the 
UC3834. VIN = 15V, VIN = OV, TA = Ty. 


PARAMETER TEST CONDITIONS 





Turn-on Characteristics 
Standby Supply Current 
+1.5 Volt Reference 





s 
B 
> 


















| Oupavorage a 2800 et isis arf as | se V 
Tain s Tus Tuma 7 | 58 4.455] | 1.545 
Line Regulation Vinn=5to35v C(t a | tT | ts | mv | 
Load Regulation lout=O0to2mA tt Tl to | OE at 5 [ 
-2.0 Voit Reference (Note 2 
enced = 25°C +204 2 | 196} 208 2 {tet ) v 
to VIN") T(MIN) s Tus Tu(MAX) 206] [194] 208] | 1.92 
| LineRegulation = [Viv =Stodsv— CE | 5 || tS | 20 | mv | 
Output Impedance reteset Ser cee Ee ee eo 
Error Amplifier Section 
| Input OffsetVoltage = [Vem=t5v 0 i“ s—“‘RSSOC*dTCds«| | St Tt | mv | 
|_InputBiasCurrent ss |[Vom=t5V0 0 C(t lt | | et 8 pl 
| Input OffsetCurrent = [Vom=t5v 0 —C‘iY:C (S$ tt | at TT ot | 2 | pa 
Ssh "aa Nal el I 
Pin 13, 20 to VIN- 
| CMRRs[Vom=05t033V,Vinv=35vV———s| GO | Bo | | eo | eo | | a 
ViN+ = 5-35V, Vom = 1.5V | 70 | 100 | | 70 | 100] | cB 
Driver Section 
er nae OutputCurrent | = —“‘SSC*d CQ | 350 || ~— | 200 | 350 | |, ma 
| Saturation Voltage ss flour=100mA— es“ te—C—“‘(L]S OCT OO TL | Uf OB tS | UV 
Output Leakage Current Pin 12 = 35V, Pin 13 = ViIN., Pin 14 = VIN- | =f ot | 50 | | 01 | 50 | pa | 
W-yanamall tiated SA MN ied ll Ned 
at Pin 14 
Shutdown Input Current Pin 14 = Vin-, Pin 12 = VIN+ : -100 | -150 Lod -100 | -150 
at Pin 14 louT = 100uA, Pin 13 = ViN- 
| ThermalShutdown(Note3) |  —“‘“‘(;é*wTSCédC tts |S] tes | 
Fault Amplifier Section 
Under- and Over-Voltage 150 180 he 150 190 
Fault Threshold 
| Common Mode Sensitivity [Vins =35V,Vom=15to33v_——(“$sss| S| 0.4 | 08 | | -0.4 | -1.0 | 
| Supply Sensitivity [Vom=1.5V,Vinv=5to35v | S| 05 | 10] | -05 | -1.2 | eV 
| FauitDelay = | —“(‘CSC;CCCC*d:« CQ}: | 45_-|_ 60 | 30 | 45 | 60 _[msjprF 
| FaultAlertOutputCurent | = (Cd tl TCU | 8 ll 
fault Alen Saturation Volage Jou" =1mA__}___o2 | 98 |__) 02 | 08 |v 
| OV. Latch OutputCurent |  —“‘LC 2] 4 | Ul lk fl [mf 
| O.V. Latch Saturation Voltage|lour=imA CT tl to ft] Ll tof 3 | Vv 
Baissea MINION 9d) Be ead ied Sed 
Voltage 
| CrowbarGateCurrent ss | —C“(i‘“‘;S™;CC*d Ct 175 | | -100 | -175 | | ma | 
Elecite ll WO al il Ka 
Current 


Note 2: When using both the 1.5V and -2.0V references the current out of pin 3 should be balanced by an equivalent current into 
Pin 2. The -2.0V output will change -2.3mV per vA of imbalance. 

Note 3: Thermal shutdown turns off the driver. If Pin 15 (O.V. Latch Output) is tied to Pin 14 (Compensation/Shutdown) the 
O.V. Latch will be reset. 
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UC1834 
UC2834 
UC3834 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA=-55°C to +125°C 
| for the UC 1834, -40°C to +85°C for the UC2834, and 0°C to +70°C for th 
UC3834. VIN = 15V, VIN = OV. TA = Tu 


_ PARAMETER : TEST CONDITIONS 


Current Sense Amplifier Section __ | 


Threshold Voltage 
Sense Input Bias Current 
Vom=Vin- CS 





Lower Limit 


A 
> 
a 
pS: 

5 

i 


Current Sense Threshold - (mV) 





Offset Voltage At Error Amp. 


Current Sense 
Threshold 


Differential Voltage at Current Sense 
Inputs - mV (reference to sense - input) 


0 5 1.0 15 > 15V Or Open 


Voltage At Threshold Adjust Pin 
(Pin 4) - (V) 





Current Sense Amplifier Gain and Phase 
Frequency Response 


Error Amplifier Gain and Phase 
_ Frequency Response 













100 











Output At Pin 14 
With 820pF To Gnd. 
= Ty =25°C 









Output At Pin 14 
With 820pF To Gnd. 
7 TJ =25°C 






D 

~” 

90 > 
20 180 


Voltage Gain - Decibels 
Voltage Gain - Decibels 


, | y: 
10 100 kK 10K 100K 1M 
_ Frequency - (Hz) 





- Frequency - (Hz) 
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UC1834 
UC2834 


UC3834 
APPLICATION INFORMATION 


Foldback Current Limiting 
R 


2 
a 


UC1834 


ILMAX (Typical) 
_ 2-A(VAdY) _ (Vin — Vout) R1 
Ra Rsense (R1 + R2) RSENSE 


Adjust : R1 + R2 >> Rsense, Vadu < 1.5V, 
Voltage (VaDJ) Ri * Ri = 





Both the current sense and error amplifiers on the UC1834 crowbar, or latched-off conditions, from occurring follow- 
are transconductance type amplifiers. As a result, their volt- ing sharp under-voltage to over-voltage transients. 


age gain is a direct function of the load impedance at their +, crowbar output on the UC1834 is activated following a 


shared output pin, Pin 14. Their small signal voltage gain aso. ctained over-voltage condition. The crowbar output remains 
a function of load and frequency is nominally given by; high as long as the fault eondition persists, or, as long as the 











ZL (fh) Zt (fh over-voltage latch is set. The latch is set with an over-voltage 

ACERS Figs OO ONG SUAS a fault if the voltage at Pin 15 is above the latch reset threshold, 

for: f < 500kHz and /Z(f| < 1 MQ typically 0.4V. When the latch is set, its Q- output will pull Pin 

15 low through a series diode. As long as a nominal pull-up 

Where: load exists, the series diode prevents Q- from pulling Pin 15 
Av=Small Signal Voltage Gain to pin 14. below the reset threshold. However, Pin 15 is pulled low 
Z(f) = Load Impedance at Pin 14. enough to disable the driver outputs if Pins 15 and 14 are tied 


The UC1834 fault delay circuitry prevents the fault outputs together. With Pin 15 and 14 common, the regulator will latch 
from responding to transient fault conditions. The delay reset Off in response to an over-voitage fault. If the fault condition is 
latch insures that the full, user defined, delay passes before an Cleared and Pins 14 and 15 are momentarily pulled below the 
over-voltage fault response occurs. This prevents unnecessary _ latch reset threshold, the driver outputs are re-enabled. 


Setting the Threshold Adjust Voltage (VADJ) 


VIN+ 
UC1834 


Reference 
Circuit 


2880) 


: _R2 
VaDJ - 1.5V e Al + Ro 


*To Maintain -2.0V Output 


2.0 
R3 = 7, ° (Rt + R2) 
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TYPICAL APPLICATIONS 





5-10 Amp Positive Regulator 


Supply * 


15 
Shutdown/Comp a Remote 


° Sauron 
O—f -— E | Fault Delay Po 


’ Thermal Fault 
Shutdown _—- 0 Monitoring 


UC1834 


Remote 
O Shutdown/ 


Monitoring 


Foldback Current Limiting 


-Input 
Supply 





UNITRODE INTEGRATED CIRCUITS 
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INTEGRATED 
CIRCUITS 


eee UNITRODE 


UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


High Efficiency Regulator Controller 


FEATURES 


Complete Control for a High Current, 
Low Dropout, Linear Regulator 


Fixed 5V or Adjustable Output Voltage 


Accurate 2.5A Current Limiting with 
Foldback 


Internal Current Sense Resistor 


Remote Sense for Improved Load 
Regulation 


External Shutdown 


Under-Voltage Lockout and Reverse 
Voltage Protection 


Thermal Shutdown Protection 


8 Pin Mini-Dip Package 
(Surface Mount also Available) 


BLOCK DIAGRAM 


Driver 
Sink 


Sense 
Resistor 8 
Out 


Current 
td Limit (-) 


2k 
40mQ 
Sense 
Resistor 


100mV—> 12mV 


2k 100Q 


Compensation/ 


+VIN [1 Shutdown [21 


Note: Pin numbers refer to 8-Pin DIL Package 
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250 nA 


Foldback Current 
~_ Limiting 


1.82 


DESCRIPTION 


The UC1835/6 families of linear controllers are optimized for the de- 
sign of low cost, low dropout, linear regulators. Using an external pass 
element, dropout voltages of less than 0.5V are readily obtained. 
These devices contain a high gain error amplifier, a 250mA output 
driver, and a precision reference. In addition, current sense with fold- 
back provides for a 2.5A peak output current dropping to less than 
0.5A at short circuit. 


These devices are available in fixed, 5V, (UC1835), or adjustable, 
(UC1836), versions. In the fixed 5 volt version, the only external parts 
required are an external pass element, an output capacitor, and a com- 
pensation capacitor. On the adjustable version the output voltage can 
be set anywhere from 2.5V to 35V with two external resistors. 


Additional features of these devices include under-voltage lockout for 
predictable start-up, thermal shutdown and short circuit current limiting 
to protect the driver device. On the fixed voltage version, a reverse 
voltage comparator minimizes reverse load current in the event of a 
negative input to output differential. 


Reverse 
Voltage Comparator 
(UC1835 Family Only) 


(UC1835 Family 
+VIN Only) 


VouT Sense 
5} (C1836 Family) 


Vout Sense 


+Vin 5] (UC1835 Family) 


20k 
(UC1835 Family 
Only) 
Under-Voltage 

Lockout And 

2.5V Reference 


TSD | Thermal 
165°C! Shutdown 
Driver 
Source 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Input Supply Voltage (+VIN) ..............6. —1.0V to + 40V 
Driver Output Current (Sink or Source) ............. 600mA 
Driver Source to Sink Voltage ................0000. + 40V 
Maximum Current Through Sense Resistor.............. 4A 
Vout Sense Input Voltage .................. —.3V to + 40V 
Power Dissipation at Ta = 25°C (Note 2)........... 1000mW 
Power Dissipation at Tc = 25°C (Note 2)........... 2000mW 


CONNECTION DIAGRAMS 
DIL-8, SOIC-8 (TOP VIEW) 
N or J Package, D Package 


+VIN ] Sense Resistor Out 


Compensation/ 
Shutdow 


Current Limit (-) 
Ground Driver Sink 


Driver Source Vout Sense 





SOIC-16 (TOP VIEW) 
DW Package 


N/C — N/C 


+VIN 






Sense Resistor Out 


+VIN 


Compensation/ ; 
Shutdown Current Limit (-) 


N/C N/C 
Ground Driver Sink 


N/C L N/C 
Driver Source 


Sense Resistor Out 


Vout Sense 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, specifications hold for Ta = 0°C to + 70°C for the © 


UC1835 UC1836 
- UC2835 UC2836 
UC3835 UC3836 


Operating Junction Temperature....... 2... “55°C to +150°C. 
Storage Temperature.................. ,. 65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds).......... 300°C 


Note 1: Voltages are referenced to ground, (Pin 3). Currents are 
‘positive into, negative out of, the specified terminals. 
Consult Packaging Section of Databook for thermal 
considerations and limitations of packages. 


PLCC-20, LCC-20 
(TOP VIEW) 
Q, L Packages 


PACKAGE PIN FUNCTION 


FUNCTION 
N/C 
+VIN 
+VIN 
N/C 


Compensation/ 
Shutdown 


N/C 
Ground 
N/C 
N/C 
Driver Source 
N/ 
Vout Sense 
N/C 
N/C 
Driver Sink 
N/ 
Current Limit (- 
N/C . 

| Sense Resistor Out | 19 _| 

|_Sense Resistor Out | 20 _| 


8 14 
9 10 11 12 13 


aah | od _ _ | 
COIN Ww _ 





UC3835/6, —-25°C to + 85°C for the UC2835/6, and —55°C to +125°C for the 
UC1835/6, +VIN = 6V, Driver Source= OV, Driver Sink = 5V, TA=Ty. | 





PARAMETER 
Input Suppl 
Supply Current 
| +VIN = 40V 
UVLO Threshold 
Threshold Hysteresis 
Reverse Current 
Regulating Voitage and Error Amplifier (UC1835 Family Onl 

















Maximum Compensation Output Current 





ST CONDITIONS 





aVin=6V 0 —C—CidC 5 | 4.0 | ma 
| | 3.75 | 6.0 | ma _| 
+ViIN Low to High, VouT Sense = OV | 39 | 44 | 49 | VO | 
| | on [gs | iv | 
+VIN = -1.0V, Driver Sink Open | | 60 | 20 | ma | 





| Reauiaing Level atVour Sense (vies) river Curent = 10m, Tus 26°C _} 494 | 80 1 808} V_ 

OverTemperaure Cd | | 
| Line Regulation Vn Ve eV Tt | 4 | mv 
| LoadRegulation Driver Current=0t0250mA_ | S| 6 | 25 | mV 
| BiasCurrentatVourSense ss (VouTSense=5.0V 75 | 125 | 210 | 


Error Amp Transconductance +100uA at Compensation/Shutdown Pin 


Sink or Source, Driver Source Open 
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UC1835 UC1836 

UC2835 UC2836 

UC3835 UC3836 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, specifications hold for Ta = 0°C to + 70°C for the 


UC3835/6, -25°C to + 85°C for the UC2835/6, and —55°C to +125°C for the 
UC1835/6, +VIN = 6V, Driver Source= OV, Driver Sink = 5V, TA= Ty. 





PARAMETER | Testconpimons | MIN. | TYP. | MAX. [UNITS 
Regulating Level at Vout Sense (Vrec) [Driver Current=10mA,Ty=25°C | 2.47 | 25 | 253 | v | 
Over Temperature 245 |_| 288 |v _ 

- tine egation pve gaVtede |} a2 mV 
| Load Regulation [Driver Current = 0 to 250mA || 3.0 | 15 | mv | 
Bias Current at VouT Sense 101-02 | | pA | 
| _Error Amp Transconductance 100A at Compensation/Shutdown Pin | o.8 | 1.3 | 20 | ms | 
Maximum Compensation Output Current___[Sink or Source, Driver Source Open {|_ 90 | 200 | 260 | pA _ 

Driver 

| MaximumCurrent | 50 | 500 || ma 
| Saturation Voltage [Driver Current = 250mA, Driver Sink | ft 20 | 28 | v | 
| Pull-Up Current at Driver Sink «| Compensation/Shutdown=0.45V 140 | 250 | 300 | A 
Driver Sink Leakage In UVLO fe 
in Reverse Voltage (UC1835 Family Onl FT go | pA 
| ThermalShutdown | tos | 


Foldback Current Limit 


Current Limit Levels at Sense Resistor Out Vout Sense=(0.99)Vrec  —C'«d | 2.2 | 25 | 28 | A | 
VouT Sense = (0.5) VREG 43 145 [17 [ A | 
VourSense=Ov Cit | 4 | cE | A 
Recetas <2 «aM Bod Nal Hd cd 
VouT Sense = (0.9) VREG 
Note 2 Volts Below +VIN, Ty = 25°C | 


Be 
© 

i 

{ 

i 3 
~ 
oe) 


Sense Resistor Value (Note 3) Vout Sense = (0.9) VREG, 
louT = IA, Tu = 25°C 


Note 2: This voltage has a positive temperature coefficient of approximately 3500ppm/°C. 
Note 3: This resistance has a positive temperature coefficient of approximately 3500ppm/°C. 
The total resistance from Pin 1 to Pin 8 will include an additional 60 to 100mQ of package resistance. 


APPLICATION AND OPERATION INFORMATION 


UC 1835 - Typical configurations for a 2A, 
Low Dropout 5V Regulator 


PASS DEVICE (NOTE 4) 5V (0 TO 1) 


UC1836 - Typical Configuration for a 2A, 
Low Dropout Adjustable Regulator 







PASS DEVICE (NOTE 4) Vout(0 TO 2A) 





—7 








Note 4: ‘Suggested Pass devices are TIP 32B. (Dropout Voltage <0.75V) or, D45H, (Dropout Voltage <0.5V), or equivalents. 
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UC1835 UC1836 

UC2835 UC2836 

7 UC3835 UC3836 
APPLICATION AND OPERATION INFORMATION (cont.) | | 


UC1835/6 Foldback Current Limiting 


(9E810N) % - eGeYOA Indino 


g 
: 
: 
3 
‘ 
6 


0 
0 05 10 15 20 25 3.0 
Output Current Through RSeNse - (A) 





UC3835/36 TYPICAL APPLICATIONS 
Low Current Application Typical Output Current vs VIN and VouT 


using the UC3836 internal drive transistor of the UC3836 internal drive transistor — 
for PDISS = 5.5W (approx.) 


+VIN 


High Current Application Parallel Pass Transistors | 
using drive transistor Q2 to increase. Q1 base drive can be added for high current or 


and reduce UC3836 power dissipation high power dissipation applications 
+VIN R41 . 


Q1 


O—-—@ 
UC3836 


(8)}-—{(3) 2) 4) 





EQUATIONS: 

R1 =0.100 V/lout (MAX) 

R2 = (VouT - 2.5V/1mA) 

R3 = ((VIN - VBE - VSAT)*BETA(min))/louT (max) 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


Magnetic Amplifier Controller 


FEATURES 


¢ independent 1% Reference 


¢ Two Uncommitted, Identical 
Operational Amplifiers 


¢ 100mA Reset Current 
Source with -120V Capability 


e 5V to 40V Analog Operation 


« 5W DIL Package 


BLOCK DIAGRAM 


6/93 


Vcc 


VREF 


Inv. In 


N.I. In 
E/A Out 
Inv. In 
N.I. In 
C/L Out 


= Ky UC1838A 
= = UC2838A 
= YS UC3838A 


DESCRIPTION 


The UC1838A family of magnetic amplifier controllers contains the circuitry to gen- 
erate and amplify a low-level analog error signal along with a high voltage-compli- 
ant current source. This source will provide the reset current necessary to enable a 
magnetic amplifier to regulate and control a power supply output in the range of 2A 
to 20A. 


By controlling the reset current to a magnetic amplifier, this device will define the 
amount of volt-seconds the magnetic amplifier will block before switching to the 
conducting state. Magnetic amplifiers are ideal for post-regulators for multiple-out- 
put power supplies where each output can be independently controlled with effi- 
ciencies up to 99%. With a square or pulse-width-modulated input voltage, a 
magnetic amplifier will block a portion of this input waveform, allowing just enough 
to pass to provide a regulated output. With the UC1838A, only the magnetic ampli- 
fier coil, three diodes, and an output L-C filter are necessary to implement a com- 
plete closed-loop regulator. 


The UC1838A contains a precision 2.5V reference, two uncommitted high-gain op 
amps and a high-gain PNP-equivalent current source which can deliver up to 
100mA of magnetic amplifier reset current and with -120 volt capability. 


These devices are available in a plastic “bat-wing” DIP for operation over a -20°C 
to +85°C temperature range and, with reduced power, in a hermetically sealed cer- 
dip for -55°C to +125°C operation. Surface mount versions are also available. 


This improved “A” version replaced the non “A” version formerly introduced. 





VM 
2.5V 5V 

z 
d aes 
= 14) Reset 
8 | DR 1 
3 

DR 2 
Big ae 
rT] = 4,5,12,13} Gnd 
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UC1838A 


UC2838A 
| a UC3838A 
ABSOLUTE MAXIMUM RATINGS 
Supply Voliage; VCC iic3. ecco eit oe eth Oe daeee wee sae 40V 
Magnetic Amp. Source Voltage, VM... eee eee ee eee eens 40V 
Reset Output Voltage, VR... cc ce eee eect e eee ences -120V 
Total Current Source Voltage, VM- VR... 6. cee eee. -140V 
Amplifier Input Range... 0.0.0... ccc ccc cece eee enna -0.3V to Vec 
Reset Input Current, IDR... 6... cece eee eee eee e eee -10mA 
. Q,N Package J Packag 
Power Dissipation at TA= 25°C .... 1... c kee eee OW 55 one tec IW. 
Power Dissipation at T (leads/case) = 25°C. .............. BW. ceca es QW . 
Operating Temperature Range ................ 0. eee eees -55°C to +125°C .. 
Storage Temperature Range .............. cece ee eens -65°C to +150°C .. 
Lead Temperature (Soldering, 10 sec)... 1.2... ee ee ee 300°C ...... 


Note: All voltages are with respect to ground pins. 
All currents are positive into the specified terminal. 
Consult Packaging section of Databook for thermal limitations and considerations 
of package. 


CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) 
J or N Package 


PLCC-20, LCC-20 (TOP VIEW) 
Q, L Packages 


[FUNCTION | PIN, 
PNG 
| Chou | 2 
| CLNAIn | 8 
Lo 
caso ca 
=a 


C/L Out 
C/L N.I. In 


C/L INV. In 
oe 

Memon ee 

wands! mean oe 
7 oe 

12 ES TT 
ane a ae 

1 eee DCTs 

cacvad 

Cal 

i 

a 

7 


Gnd 
Gnd 
E/A Inv. In 
E/A N.I. In 


E/A Out 


| GND 
| DR2 


Note: All four ground pins must be connected to a 
common ground 
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UC1838A 

UC2838A 

UC3838A 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 


UC1838A, -20°C to +85°C for the UC2838A, and 0°C to +70°C for the UC3838A, 
Vec = 20V, Vm = 5V, TA= Ty. 


UC1838A / UC2838A UC3838A 
[re [eos SSS 


Reference Section 















| SupplyCurent ss [Vcc=W=4ov, | | a | || | | ma | 
| Reference Output [Ta=25°C | a7 | 25 | 253 | 245 | 25 | 255 | V 
| lineReguiation = [Vcc =Sto3ov, | tt | | ot | 0 | mv 
| Load Regulation lo = Oto -2mA | | 5 | 2a] {5 | 20 | m_ 
| ShortCircuit Curent ss [Vner=ov | 30 | 60 | | 30 | 60 | ma | 
| Temperature Stability _——|Over OperatingTemp.Range | | 15 | 25 | | 10 | 25 | mv 
Amplifier Section (Each Amplifier) 

| OffsetVotage [Vem = 2.5V of ts | | 0 | mv | 
| Input Bias Current | Vin = OV eee 
| Input OffsetCurent = | too | | 10 | 
| Minimum Outputswing = | Ct | fl || ct | 
| OutputSinkCurent = [Vo=sv— tt | ot | 30 | 1 | 10 | 30 | ma | 
| OutputSource Curent ss [vo=ov, | | -t0 | 20 | 1 | -t0 | 20 | ma_ 
Pav Ms ttottv =| 10 | 120 | | 100 | 120 | | a 
| PSAR Vcc t0tozov, =| 70 | 00 | | 70 | 100 

| GainBandwidth® Peas 








Reset Drive Section 






| 100_ 
Gain Bandwidth* Polos flo |] 6 | 8 | 
Vv 
V 


| InputLeakage — Vor=4ov, | to | | t0 | 
| OutputLeakage Vaz stv, TT too | 10 | 
[input Current n= SOMA tt | Tt |e | mal 
| Maximum Reset Current ion=-3mA_ | -100 | -120 | -200 | -100 | -120 | -200 | mA 
| _Transconductance —in=-10to-soma | | 042 | 055 | 03 | 042 | 055 | AV 


* These parameters are guaranteed by design but not 100% tested in production. 
TYPICAL APPLICATION _ 
+12V, 4A Output With Switching Frequency = 50 kHz 


45 Turns 
50B10-1D Core UES2403 


Magnetic 
Amplifier 


Secondary 
Winding 


- 15V 
Auxilliary 
Supply 
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Amplifier Open Loop Response 


GAIN MAGNITUDE - (dB) 


1 10 100 1K 10K .1M 1M 
SIGNAL FREQUENCY - (Hz) 


‘Reset Driver- Input Current 


RESET CURRENT - (mA) 


-0.2 -0.4 -0.6 -0.8 -10 -12 
INPUT CURRENT - (mA) 


RESET CURRENT - (mA) 


-20 -40 -60 -80 -100 
RESET VOLTAGE - (V) 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 » FAX (603) 424-3460 


PHASE - (DEGREES) 
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GAIN MAGNITUDE - (dB) 


Lu 
0) 
< 
-— 
= 
O 
> 
Lu 
O 
= 
Lu 
or 
UJ 
re 
uJ 
va 


_ RESET CURRENT - (mA) 


= 
5 
E 
} 


UC1838A 
UC2838A 
UC3838A 


Reset Driver Response 


PHASE - (Degrees) 


1K 10K 100k 1M 10M 
SIGNAL FREQUENCY - (Hz) 


Reset Driver- Input Voltage _ 


2 3 4 5 | 
INPUT VOLTAGE - V(W.R.T. Vm) 





[ae Ca a Sa 
4 
eee 

O +50 +100 +150 
JUNCTION TEMPERATURE - (C) 








fT) INTEGRATED 
CIRCUITS 


aa UNITRODE 
Programmable, Off-Line, PWM Controller 


FEATURES DESCRIPTION 

¢ All Control, Driving, Monitoring, Although containing most of the features required by all types of switching 
and Protection Functions Included power supply controllers, the UC1840 family has been optimized for highly-ef- 

¢ Low-Current, Off-Line Start Circuit ficient boot-strapped primary-side operation in forward or flyback power con- 

¢ Feed-Forward Line Regulation verters. Two important features for this mode are a starting circuit which 
over 4 to 1 Input Range requires little current from the primary input voltage and feed-forward control 

¢ PWMLatch for Single Pulse per for constant volt-second operations over a wide input voltage range. 


Period In addition to startup and normal regulating PWM functions, these devices of- 
e Pulse-by-Pulse Current Limiting — fer built-in protection from over-voltage, under-voltage, and over-current fault 
plus Shutdown for Over-Current —_ conditions. This monitoring circuitry contains the added features that any fault 





Fault will initiate a complete shutdown with provisions for either latch off or auto- 
¢ No Start-Up or Shutdown matic restart. In the latch-off mode, the controller may be started and stopped 
Transients with external pulsed or steady-state commands. 
¢ Slow Turn-On and Maximum Other performance features of these devices include a 1% accurate refer- 
Duty-Cycle Clamp ence, provision for slow-turn-on and duty-cycle limiting, and high-speed 
¢ Shutdown Upon Over-or pulse-by-pulse current limiting in addition to current fault shutdown. 
Under-Voltage Sensing 


The UC1840’s PWM output stage includes a latch to insure only a single 





e Latch Off or Continuous Retry pulse per period and is designed to optimize the turn off of an external switch- 
after Fault ing device by conducting during the “OFF” time with a capability for both high 

¢ Remote, Pulse-Commandable peak current and low saturation voltage. These devices are available in an 
Start/Stop 18-pin dual-in-line plastic or ceramic package. The UC1840 is characterized 

° PWM Output Switch Usable to 1A fOr operation over the full military temperature range of -55°C to +125°C. The 
Peak pape UC2840 and UC3840 are designed for operation from -25°C to +85°C and 

0°C to +70°C, respectively. 

e 1% Reference Accuracy 

* —500kHz Operation NOTE: THIS DEVICE NOT RECOMMENDED FOR NEW DESIGNS. 

* 18-pin DIL package 

BLOCK DIAGRAM 

(11) VIN SENSE | 


RAMP 
Rt/Cr (9) Tosc] 
DRIVE [7 INT CIRCUIT POWER 7A (15) Vin SUPPLY 


COMP SWITCH 
= (14) DRIVER BIAS 
INV. INPUT (17) 
PWM 0 PWM (12) PWM OUTPUT 
N.L. INPUT (18) O for 2)=| Latch 
REF. GEN 5.0V REF 
AND 
4ov 2 BIAS _. INT. 
SUPPLY 3.0V REF. — 







START/UV (2) 
(13) GROUND 


200A ch Pee | 
HYSTERESIS | ileaal 
Pe a 
RESET (5) feoue RESET FaND 
3.0V REF i | or) 
[Joo 


SLOW -START/ 


| (8) DUTY CYCLE 






EXT. STOP (4) TT, ae 
| ERROR = = CUR LIMIT , 
ins LATCH 7 THRESHOLD | 
. —s | 
OV SENSE (3) So — (7) CURRENT SENSE 
NOTE: Positive true logic, latch outputs high with set, reset has priority. 400mV 
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 UC1840 


UC2840 
ie Car UC3840 
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Supply Voltage, +VIN (Pin 15) 
Voltage Driven . 0... cece cece eee eee cena aes +32V DIL-18 (TOP VIEW) 
Current Driven, 100mA maximum ........... Selflimiting | J or N Package 
PWM Output Voltage (Pin 12) ..... evaticets eee hee 40V 
PWM Output Current, Steady-State (Pin 12)......... 400mA 
PWM Output Peak Energy Discharge ............ 20uJoules COMPENSATION T8]NON-INV. INPUT 
Driver Bias Current (Pin 14).................. ... -200mA a 
Reference Output Current (Pin 16) ................ -50mA _ TARTS WINVERTING INPUT 
Slow-Start Sink Current (Pin 8) .................... 20MA_ OV SENSE H6|5.0V REF 
Vin Sense Current (Pin 11)... ...... 0... eee ee ee eee 10mA . | : 
Current Limit Inputs (Pins 6 &7) ............. -0.5 to +5.5V STOr N5]+Vin SUPPLY 
Comparator Inputs (Pins 2, 3, 4,5, 17, 18) ...... -0.3 to +32V RESET A4|DRIVER BIAS 
Power Dissipation at TA= 25°C .................. 1000mW 
Power Dissipation at Tc = 25°C ...............00, 2000mW CURRENT THRESHOLD 
Thermal Resistance, Junction to Ambient .......... 100°C/W CURRENT SENSE Aa|PWM OUTPUT 
Thermal Resistance, Junction to Case. ............. 60°C/W e* es 
Operating Junction Temperature ........... -55°C to +150°C SLOW-START Wi} Vin SENSE 
Storage Temperature Range .............. -65°C to +150°C -Rr/Crt 
Lead Temperature Range (Soldering, 10 sec)........ +300°C 


Note: 1. All voltages are with respect to ground, Pin 13. 
Currents are positive-into, negative-out of the specified 
terminal. Tape BE 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
ao Ee . UC1840, -25°C to + 85°C for the UC2840, and 0°C to + 70°C for the UC3840; VIN = 
20V, RT = 20k, Ct = .001mfd, Cr = .001mfd, Current Limit Threshold = 200mV, 
TA=TV. 


ranaweren | resreonomons ant" wax] A] TH 


Power Inputs 


ViN=30V,Pin2=26V,Tu=25C | | 4 | 55 | | 4 | 55 | mA | 


Supply OV Clamp {In = 20mA 


Reference Section 


Reference Voltage _|Ts = 25°C 


Temperature Coefficient* 
Oscillator 
| Voltage Stability ss fVn=8tozov, | 
Over Operating Temperature Range Ed 
| Maximum Frequency |RT=2k92,Cr=330pF_ 8000 | 


Operating Current VIN = 30V, Pin 2 = 3.5V 


nae 
Ese 
| 33_| 
| 4.95 | 
| line Regulation ss Vin=8toszov, 
se 
eee 
— 





Ramp Generator , | 

|_Ramp Current, Maximum —_|Isense = 1.0mA = 

| RampValey | . 
|_RampPeak | Clamping Level | 39 | 42 | 45 | 


* These parameters are guaranteed by design but not 100% tested in production. 
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UC1840 
UC2840 
UC3840 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to + 125°C for the 
UC1840, -25°C to + 85°C for the UC2840, and 0°C to + 70°C for the UC3840; 
VIN = 20V, RT = 20k, Ct = .001imfd, CR = .001mfd, Current Limit Threshold = 200mV, 
TA= Ty. 


ron | eee Sel 


Error Amplifier 


Input Bias Current 
input Offset Current eet ee et 
AVo = 1 to 3V | 60 


Output Swing (Max. Output = | Minimum Total Range 03 
Ramp Peak - 100mV) 
CMRR Vom = 1.5 to 5.5V 
PSRR VIN = 8 to 30V | 70 | so | | 7o | 












Vem = 5.0V — 











Short Circuit Current VcomP = OV on ee 
Gain Bandwidth* Ty = 25°C, Avot = 0dB a ee 


Slew Rate* Ty = 25°C, Avct = 0dB 











PWM Section 
Continuous Duty Cycle Minimum Total Continuous Range, 
Range* (other than zero) Ramp Peak < 4.2V 


ae ae 
Output Saturation lour=20mA Tf oe | om | 
lour=200mA lt | oe | 
—_— a 
eee oe 
| 2.8 
Ed 





Sequencing Functions 

180 | 200 | 220 | 170 | 200 | 230 

|_InputLeakage Input V = 20V oe ee 
[0.4 













Driver Bias Saturation IB = -50mA 
Voltage, VIN - VOH 
Driver Bias Leakage 


Slow-Start Saturation issamA 
Slow-Start Leakage Vs = 4.5V . 








Current Control 








Current Limit Offset 


Ree 
eds) 
eer 

Current Shutdown Oftset_ | st 870 | 400 | 430 | 360 | 400 | 440 | mv | 
po eee) 
aa 





| Input Bias Current |Pin 7 = OV aa ea ee ae 
04 | | 30 | 0.4 | 

Current Limit Delay* Ty = 25°C, Pin 7 to 12, RL = 1k po ed 
* These parameters are guaranteed by design but not 100% tested in production. 
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_ FUNCTIONAL DESCRIPTION 


1. Oscillator - .. |Generates a fixed-frequency internal clock from an external RT and Cr. 


Frequency = — where KC is a first order correction factor ~ 0.3 log (CT X 10'2), 


2. Ramp Generator | 
Develops a linear ramp with a slope defined externally by we sense Vora? CR is normally 
: selected < CT and its value will have some effect upon valley voltage. 

CR terminal can be used as an input port for current mode control. 


3. Error Amplifier Conventional operational amplifier for closed-loop gain and phase compensation. 
impedance; unity-gain stable. 


4. Reference Generator Precision 5.0V for internal and external usage to 50mA. 
Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%. 
40V clamp zener for chip OV protection, 100mA maximum current. 


5. PWM Comparator Generates output pulse which starts at termination of clock pulse and ends when the ramp 
input crosses the lowest of two possible inputs. | 


6. PWM Latch Terminates the PWM output pulse when set by inputs from either the PWM comparator, the 
pulse-by-pulse current limit comparator, or the error latch. Resets with each internal clock 
pulse. 


| 7. PWM Output Switch _| Transistor capable of sinking current to ground which is off during the PWM on-time and turns 
on to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amp. 
SEQUENCING FUNCTIONS 


1. Start/UV Sense This comparator performs three functions — 
With an increasing voltage, it generates a turn-on signal at a start threshold. 
With a decreasing voltage, it generates a UV fault signal at a lower level separated by a 
200A hysteresis current. 












































At the UV threshold, it also resets the Error Latch if the Reset Latch has been set. 
Supplies drive current to external power switch to provide turn-on bias. 
4. Slow Start Clamps low to hold PWM off. Upon release, rises with rate controlled by RsCs for slow 
Also used to clamp maximum duty cycle with divider RSRopc. 
5. Start Latch Keeps low input voltage at initial turn-on from being defined as a UV fault . Sets at start level to 
—— monitor for UV fault. 
will lock the PWM off. es 
When set, this latch resets the Start and and Error latches at the UV low threshold, allowing a 
PROTECTION FUNCTIONS _. . | 
1. Error Latch When set by momentary input, this latch insures immediate PWM shutdown and hold off until 
Inputs to Error Latch are: 
~ a. UV low (after turn-on) — 
c. Stop low | 
d. Current Sense 400mV over threshold. 
Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. 


Disables most of the chip to hold internal current consumption low, and Driver Bias off until 
input voltage reaches start threshold. 
increase of output pulse width. 
When reset, this latch insures no reset signal to either Start or Error Latches so that first fault 
restart. 
reset. 
b. OV high 
Error Latch resets at UV threshold if Reset Latch is set. 
When sense voltage rises to 400mV above threshold, a shutdown sia 


2. Current Limiting 






nal is sent to error latch. 
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Start/UV Hysteresis Current PWM Output Saturation Voltage 


Vin #20V 
Low duty-cycle 
pulse test 





HYSTERESIS CURRENT-(Microamps) 


100 200 300 400 500 
OUTPUT SINK CURRENT-(mA) 


0 25 50 75 100 125 
JUNCTION TEMPERATURE-(°C) 


OUTPUT SATURATION VOLTAGE-(V) 





PWM Output Minimum Pulse Width 







(Pulse width goes to Zero 
below value indicated) 


a oe 








FREQUENCY-(KHz) 








MINIMUM PULSE WIDTH( //sec) 


aS 
SAN 


Pe SSN 


5 10 20 50100200 500 
Rt TIMING RESISTER - (kQ) 


20 30 50 100 200300 500 
OSCILLATOR FREQUENCY-(k Hertz) 





Shutdown Timing 


Pin 4 | 
Input to Ext. Stop | 


0 | . 


5 CTS 
Pin 8 Duty Cycle |!| ~ 
Volts Clamp Voltage Cs =0 


PWM Outpu 
Voltage 


0 
eee ae ae 


500 1000 1500 


- (Degrees) 





E SHIFT 





VOLTAGE GAIN - 


1K 10K 100K 1M 


FREQUENCY - (Hertz) DELAY TIME - (n sec) 
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OPEN-LOOP TEST CIRCUIT 


(0) 


SUPPLY 
VOLTAGE 


VREF 
Vin SENSE 
RT/CT 


NOMINAL FREQUENCY = seeds = 50 kHz 


R1i+R2+R3 


START VOLTAGE = 3 
: R2+R3 


FLYBACK APPLICATION (A) 


In this application (See Figure A, next page), complete 
control is maintained on the primary side. Control power 
is provided by RIN and Cin during start-up, and by a pri- 
mary- referenced low voltage winding, N2, for efficient op- 
eration after start. The error amplifier loop is closed to 
regulate the DC voltage from N2 with other outputs follow- 
ing through their magnetic coupling — a task made even 
easier with the UC1840’s feed-forward line regulation. 


An extension to this application for more precise regula- 
tion would be the use of the UC1901 Isolated Feedback 
Generator for direct closed-loop control to an output. The 
UC1840 will readily accept digital start/stop commands 
transmitted from the secondary side by means of optical 
couplers. 


Not shown are protective snubbers or additional interface 
circuitry which may be required by the choice of the high- 
voltage switch, Qs, or the application. 


UC1840 
D.U.T. 


UV FAULT VOLTAGE = 3 are 


|; + 0.2R1 = 12V OV FAULT VOLTAGE = 3 


UC1840 
UC2840 
UC3840 


Rs > 180K 


ei oa 


ae = 1K OUTPUT 
ig MONITOR 


SLOW START 
DRIV pis a 
PWM OUT 

GRID 
STOP 
RESET 


Ni C/L(-) C/L(+) 


= == CURRENT SENSE 
TEST 


CURRENT LIMIT = 200mV 
CURRENT FAULT LIMIT = 600mV 
DUTY CYCLE CLAMP= 50% 


Ri + R2+R3) _ 
R2+R3 


ace +R2+ ohm 





REGULATOR APPLICATION (B) 


Although primarily intended for transformer-coupled 
power systems, the UC1840’s advantages of feed-forward 
for high ripple-rejection, a fully contained fault monitoring 
system and remote start/stop capability make it worth 
considering for other types of regulators. Since the fault 
logic within the UC1840 requires recycling the voltage 
sensed by the Start/UV comparator to reset the error 
latch, a need for automatic restart must be addressed ina 
manner similar to that shown in Figure B (next page). In 
this simple, non-isolated, buck regulator; diode D1 pro- 
vides a low-impedance bootstrapped drive power source 
after start-up is achieved through RIN and Cin. When a 
fault shutdown terminates switching action, the loading of 
Qi and RD will lower the voltage on pin 2 to effect an 
automatic re-start attempt which will continuously recycle 
until the fault is removed. 
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Uc1840 Programmable Pwm Controller in a Simplified Flyback Regulator (A) 
DC INPUT LINE 


CONTROL VOLTAGE 


TURN ON 
PWM 


UVF 


| 


LINE 
R 
Rs 


10 


REMOTE SLOW *: ae 
| | START/ UC1840 
STOP START | 


U1: UC3705/06/07/09 
i Foc MOSFET DRIVER 
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UC1840 POWER SEQUENCING FUNCTIONS 
TIME EVENT 


A 8B DE FG H!iJ KL MNO P QRS TU V A Initial turn-on, Vc rises with load 
Start threshold. Driver Bias loads Vc 
| Operating PWM regulates Vc 
Stop input sets Error Latch turning off 


oN. PWM | 
ia UV low threshold, Error Latch remains 
Vo(NOTE 1) _ set 
| | | | | | | | | | | | | Start turns on Driver bias but Error 

WINDOW BIAS Latch still set 

SLOW sec Pe 
Stop command removed 

dup ae Error Latch reset at UV low threshold 
| | | | Start threshold now removes 
| slow-start clamp 
RESET eer nee | Reset Latch set signal removed 

Error Latch set with momentary fault 


A B DE 
Error Latch does not reset as Reset 
Latch is reset 
Vc and Driver Bias recycle with no 


turn-on. 

Reset Latch set is set with momentary 
Reset signal 

Vc must complete cycle to turn-on 
Start and Error Latches reset 

Normal start initiated 

Return to normal run state 


TN 


} Vc and Driver Bias continue to cycle 


G 
H 

| 
J 
K 


Return to normal run state 


Oo2Z2z=2r- 


Notes 1: Vc represents an analog of the output voltage generated by a 
primary referenced secondary winding on the power transformer. 
It is the voltage monitored by the star/UV comparator and, in most 
cases, is the supply voltage, VIN, for the UC 1840. 

Note 2: Although input to External Stop, Pin 4, is shown, results are the 
same for any fault input which sets the Error Latch. 


<cuHon DOU 





Power MOSFET Drive Circuit 
Using UC3705/3706/3707 or 3709 Drivers 







UC3706 Converts Single Output PWMs to 
High Current Push-Pull Configuration 


DRIVER 
BIAS 
OUT 12 


UC3840 
UC3841 
GND. 13 








DRIVER 
BIAS 


PWM 
OUTPUT 


D1, D2: UC3611 Schottky Diode 





UC3611 Quad Schottky Diode Array 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX 603-424-3460 
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LJ) 


INTEGRATED 
CIRCUITS 


eee UNITRODE 


Programmable, Off-Line, PWM Controller 


ATURES 


FE 


All Control, Driving, Monitoring, and 
Protection Functions Included 


Low-current, Off-line Start Circuit 


Voltage Feed Forward or Current 
Mode Control 


Guaranteed Duty Cycle Clamp 


PWM Latch for Single Pulse per Period 


Pulse-by-Pulse Current Limiting Plus 
Shutdown for Over-Current Fault 


No Start-up or Shutdown Transients 


Slow Turn-on Both Initially and After 
Fault Shutdown 


Shutdown Upon Over- or 
Under-Voltage Sensing 


Latch Off or Continuous Retry After 
Fault 


PWM Output Switch Usable to 1A 
Peak Current 


1% Reference Accuracy 
500kHz Operation 
18 Pin DIL Package 


BLOCK DIAGRAM 


Rr/Cr 


COMP 


INV. INPUT 
Ni INPUT [f@ 


START/UV [2 


200 UA 
HYSTERESIS 


CURRENT LIMIT 
THRESHOLD 


CURRENT 
SENSE 
OV SENSE & 


3V REF b 
EXT. STOP [4 





Note: Positive true logic, latch outputs high with set, reset has priority. 
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DESCRIPTION 

The UC1841 family of PWM controllers has been designed to increase 
the level of versatility while retaining all of the performance features of 
the earlier UC1840 devices. While still optimized for highly-efficient boot- 
strapped primary-side operation in forward or flyback power converters, 
the UC1841 is equally adept in implementing both low and high voltage 
input DC to DC converters. Important performance features include a 
low-current starting circuit, linear feed-forward for constant volt-second 
operation, and compatibility with either voltage or current mode topologies. . 


In addition to start-up and normal regulating PWM functions, these de- 
vices include built in protection from over-voltage, under-voltage, and 
over-current fault conditions with the option for either latch-off or automat- 
ic restart. 


While pin compatible with the UC1840 in all respects except that the po- 
larity of the External Stop has been reversed, the UC1841 offers the fol- 
lowing improvements: 


1. Fault latch reset is accomplished with slow start discharge rather 
than recycling the input voltage to the chip. 


2. The External Stop input can be used for a fault delay to resist 
shutdown from short duration transients. 


3. The duty-cycle clamping function has been characterized and 
specified. 


The UC1841 is characterized for -55°C to +125°C operation while the. 
UC2841 and UC3841 are designed for -25°C to +85°C and O0°to +70°C, 
respectively. 


1} 6 Vin SENSE 
tq =RAMP 


3 Vin SUPPLY 


DRIVER 
BIAS 


REF GEN iG 5.0V REF 


7 PWM 
OUTPUT 


RESET 


SLOW-START/ 
B] DUTY CYCLE 
CLAMP 


3 GROUND 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, +Vin (Pin 15) (Note 2) 


Voltage Driven isos 5 tcue oss SE we eee eri sae ss +32V 

Current Driven, 100mA maximum............ Self-limiting 
PWM Output Voltage (Pin 12) ........... 0.0.0.0 eee 40V 
PWM Output Current, Steady-State (Pin 12)......... 400mA 
PWM Output Peak Energy Discharge ............ 20pJoules 
Driver Bias Current (Pin 14)..................0.8. -200mA 
Reference Output Current (Pin 16) ................ -50mA 
Slow-Start Sink Current (Pin 8) .............0.. 1... 20MA 
Vin Sense Current (Pin 11).............. nee eeees 10mA 
Current Limit Inputs (Pins 6 & 7) ........ ba cite fer -0.5 to +5.5V 
Stop Input (Pin 4)....... adage Spee ateaneates -0.3 to +5.5V 
Comparator Inputs 

(Pins 1, 7, 9-11, 16)............ Internally clamped at 12V 
Power Dissipation at TA = 25°C (Note 3)........... 1000mW 
Power Dissipation at Tc = 25°C (Note 3)........... 2000mW 


DIL-18, SOIC-18 (TOP VIEW) 
J or N, DW Package 


Comp . N.1. Input 
Start/UV | | | Inv. Input 
OV Sense 5.0V Ref. 
Stop +Vin Supply 
Reset [5] Drive Bias 
-Cur Thresh a ae _ Ground 
Cur Sense PWM Out 
Siow Start Vin Sense 


Rt/Cr Ramp 





. UC1841 


— UC2841 

 UC3841 

_ Operating Junction Temperature .......... -55°C to +150°C 
Storage Temperature Range.............. -65°C to +150°C 
Lead Temperature (Soldering, 10 sec)............. +300°C 


Note 1: All voltages are with respect to ground, Pin 13. 
Currents are positive-into, negative-out of the specified 


terminal. 


Note 2: All pin numbers are referenced to DIL-18 package. 
Note 3: Consult Packaging Section of Databook for thermal 
limitations and considerations of package. 


PLCC-20, LCC-20 
(TOP VIEW) | 
Q or L Package 


8 14 
9 10 111213 | 


| Slow Start 


PACKAGE PIN FUNCTIONS 
FUNCTION 

Comp 

Start/UV 

| Stop 

7 

| CURSense | 8 | I 

PAYyCr | 0) | 

| Ramps] td 

| VinSense ss | 12 

| PwMout | 13 

| DriveBias ss || 15 | 

| Inv.Input 


Inv. Input 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
UC1841, -25°C to +85°C for the UC2841, and 0°C to +70°C for the UC3841; VIN = 20V, RT = 20kQ, CT = .001mfd, RR = 10kQ, 


CR = .001mfd, Current Limit Threshold = 200mV, Ta = Ty. 


PARAMETER | TEST CONDITIONS 


Power Inputs 


Start-Up Current VIN = 30V, Pin 2 = 2.5V | 


Reference Section 


Reference Voltage TJ = 25°C 


Supply OV Clamp | iN = 20mMA 


Line Regulation VIN = 8 to 30V 


Load Regulation | IL =O to 10mA 
Temperature Stability Over Operating Temperature Range 


Oscillator —_ 
| NominalFrequency | Tu = 25°C 

Voltage Stability 
| Temperature Stability __—_—_‘|Over Operating Temperature Range _| 


Operating Current VIN = 30V, Pin 2 = 3.5V 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
UC1841, -25°C to +85°C for the UC2841, and 0°C to +70°C for the UC3841; Vin = 20V, RT = 20kQ, CT = .001mfd, RR = 10kQ, 
Cr = .001mfd, Current Limit Threshold = 200mV, TA = Ty. 


PARAMETER TEST CONDITIONS 


Ramp Generator 
Ramp Current, Minimum 
Ramp Current, Maximum 


Cc 
OQ 
ook 
§ 
Polen 
—, 
Vic 
O 
N 
© 
EF 
-_ 


O};O ee) 
3 
U 





ISENSE = -10pA 
ISENSE = 1.0mA 


ak 
b 


Ramp Valley 

Ramp Peak Clamping Level 
Error Amplifier 

Input Offset Voltage Vem = 5.0V 

Input Bias Current 

Input Offset Current 


Open Loop Gain AVo= 1 to 3V 


‘o) 
> 


W 1 
lela) E 
3 


z 








Output Swing (Max. Output s 
Ramp Peak - 100mV) 

CMRR 
PSRR 
Short Circuit Current 
Gain Bandwiath* 


Slew Rate* Ty = 25°C, Avci = 0dB 


PWM Section a 
Continuous Duty Cycle 
Range* (other than zero Ramp Peak < 4.2V 
50% Duty Cycle Clamp 
Output Saturation 
Output Leakage VouT = 40V 
Comparator Delay* Pin 8 to Pin 12, Tu = 25°C, RL = 1kQ 
Sequencing Functions 


Comparator Thresholds 
input Bias Current 
Input Leakage 
Start/UV Hysteresis Current 
Ext. Stop Threshold 


Error Latch Activate Current Pin 4 = OV, Pin3 > 3V 


Driver Bias Saturation Voltage, |IB = -50mA 
VIN - VOH 


Driver Bias Leakage VB = 0V 
Slow-Start Saturation Is=10mA 
Siow-Start Leakage 
Current Control - 
Current Limit Offset | 
Current Shutdown Offset 
Input Bias Current Pin 7 = OV 


Common Mode Range* fee ee ee 
Current Limit Delay* Ty = 25°C, Pin 7 to 12, Rt = 1k 


* These parameters are guaranteed by design but not 100% tested in production. 
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FUNCTIONAL DESCRIPTION | po ey 


1. Oscillator Generates a fixed-frequency internal clock from an external RT and Cr. 














Ke 
RTCT 





Frequency = where Kc is a first order correction factor ~ 0.3 log (CT X 10°). 









dv _ sense voltage 
dt RRCR 


Cr is normally selected s Cr and its value will have some effect upon valley voltage. 
Limiting the minimum value for ISENSE will establish a maximum duty cycle clamp. _ 


Develops a linear ramp with a slope defined externally by 






















































| Cr terminal can be used as an input port for current mode control. 
3. Error Amplifier Conventional operational amplifier for closed-loop gain and phase compensation. 
The output is held low by the slow start voltage at turn on in order to minimize overshoot. 
4. Reference Generator Precision 5.0V for internal and external usage to 50mA. 
Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%. 
40V clamp zener for chip OV protection, 100mA maximum current. 
6. PWM Latch _ {Terminates the PWM output pulse when set by inputs from either the PWM comparator, the 
| pulse-by-pulse current limit comparator, or the error latch. Resets with each internal clock 
7. PWM Output Switch Transistor capable of sinking current to ground which is off during the PWM on-time and turns 
: on to terminate the power pulse. Current capacity is 400mA saturated with peak 
capacitance discharge in excess of one amp. | 
SEQUENCING FUNCTIONS 
a start threshold. 
. With a decreasing voltage, it generates a turn-off command at a lower level separated by a 
2. Drive Switch Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until 
input voltage reaches start threshold. 
Supplies drive current to external power switch to provide turn-on bias. 
PROTECTION FUNCTIONS . 
1. Error Latch When set by momentary input, this latch insures immediate PWM shutdown and hold off until 
a. OV > 3.2V (typically 3V) 
b. Stop > 2.4V (typically 1.6V) 
|Error Latch resets when slow start voltage falls to 0.4V if Reset Pin 5 < 2.8V. With Pin 5 > 
3.2V, Error Latch will remain set. | ; 
2. Current Limiting 
RM rises above threshold. 
When sense voltage rises to 400mvV (typical) above threshold, a shutdown signal is sent to 


2. Ramp Generator 
Low output impedance; unity-gain stable. 
5. PWM Comparator Generates output pulse which starts at termination of clock pulse and ends when the ramp — 
| input crosses the lowest of two positive inputs. S 
pulse. 
: _ 1. Starl/UV Sense With an increasing voltage, it generates a turn-on signal and releases the slow-start clamp at 
200A hysteresis current. 
4. Slow Start Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow 
increase of output pulse width. 
Can also be used as an alternate maximum duty cycle clamp with an external voltage divider. 
reset. Inputs to Error Latch are: 
c. Current Sense 400mV over threshold (typical). 
Differential input comparator terminates individual output pulses each time sense voltage _ 
Error Latch. 







3. External Stop A voltage over 1.2V will set the Error Latch and hold the output off. 
A voltage less than 0.8V will defeat the error latch and prevent shutdown. = 
A capacitor here will slow the action of the error latch for transient protection by providing a 


pical delay of 13ms/pF. 
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Start/UV Hysteresis 





PWM Output-Saturation Voltage 












A Ss 

3 | | 

s 4 

= Vw = 20V 

' | Low duty cycle 
| Max UC3841 Max re 3 |___ pulse test. 
i Typical_Characteristic A | 
—— S| T= -5 a 


— 


LE asc 
y —Ti= 125°C 

0 
0 


100 200 300 400 £500 
OUTPUT SINK CURRENT - (mA) 





OUTPUT SATURATION VOLTAGE - 
ny 


HYSTERESIS CURRENT 


-50-25 0 25 50 75 100 125 
JUNCTION TEMPERATURE - (°C) 


Oscillator Frequency 





PWM Output Minimum Pulse Width 







(Pulse width goes to zero 
below value indicated) 





- (% sec) 








- (KHz) 




















> 
Fa 
: 
fc 








MINIMUM PULSE WIDTH 


0.1 
10 2030 50 100 200 300 500 


Rt TIMING RESISTOR - (k 0) OSCILLATOR FREQUENCY - (kHz) 


Error Amplifier Open Loop Gain and Phase Shutdown Timing 


| 
| 


5 
PIN 3 | 


VOLTS | ~~ Input to OV Sense 


5 LN 
Duty Cycle Cs >0 
PIN 8 , 
VOLTS ; Gane Voltage oo.g ~~ 


- (0B) 








aac ae CE 
PIN 12 PWM Output _ - 
VOLTS : Voltage | 

on ee 


0 500 1000 1500 


20 


VOLTAGE GAIN 





10K 100K 


FREQUENCY - (Hz) DELAY TIME - (n sec) 
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OPEN-LOOP TEST CIRCUIT 













Supply . 
Voltage 












Vin Sense 







= PWM 
Adjust 


Nominal Frequency = = = 50 kHz 


| Ri +R2+R3 
Start Voltage = 3 [os 





FLYBACK APPLICATION (A) 


In this application (see Figure A, next page), complete 
control is maintained on the primary side. Control power 
is provided by RIN and CIN during start-up, and by a pri- 
mary-referenced low voltage winding, N2, for efficient op- 
eration after start. The error amplifier loop is closed to 
regulate the DC voltage from N2 with other outputs fol- 
lowing through their magnetic coupling - a task made 
even easier with the UC1841’s feed-forward line regula- 
tion. 


An extension to this application for more precise regula- 
tion would be the use of the UC1901 Isolated Feedback 
Generator for direct closed-loop control to an output. 


UC1841 
D.U.T. 


DIL-18 
Package 


UV Fault Voltage = 3 ( 


+0.2R1=12V Ov Fault Voltage = 3 ce =32y _ Duty Cycle Clamp = 50% 


UC1841 
UC2841 
UC3841 





Output 
Monitor 





» | 
re 
tj 
x 
OO) 
VMN 









10k 
Current Sense 
oe L- Test 
Ri +R2+R3)\ _ Current Limit = 200mV 
R2+R3 Current Fault Voltage = G00mV 





R3 





Not shown, are protective snubbers or additional interface 
Circuitry which may be required by the choice of the high-. 
voltage switch, Qs, or the application; however, one ex- 
ample of power transistor interfacing is provided on the 
following page. ce 


REGULATOR APPLICATION (B) 


With the addition of a level shifting transistor, Q1, the 
UC1841 is an ideal control circuit for DC to DC converters. 
such as the buck regulator shown in Figure B opposite. In 
addition to providing constant current drive pulses to the 
PIC661 power switch, this circuit has full fault protection 
and high speed dynamic line regulation due to its feed- 
forward capability. An additional feature is the ability to 
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UC1841 
UC2841 
UC3841 


DC Input Line 


Control Voltage 


U1: UC3705 
MOSFET Driver 


UC1841 





DC BULK 


Line Voltage 
120"220 Vag ; o1 


Jumper For 


120V Operation 
Prim Return 


Current Sense 


Return 


Note: UC3707 Pins 1,4,5,7,12,13,16, To Gnd 


See Application Note U-114 
For Complete Circuit 





Figure B. Overall Schematic For A 300 Watt, Off-line Power Converter Using The UC3841 For Control 
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UC1841 
UC2841 
UC3841 











PROGRAMMABLE SOFT START AND 
RESTART DELAY CIRCUIT 





ERROR LATCH INTERNAL CIRCUITRY 





Internal 5V | 





Qs To 
Reset Qi | 

eae a 50k 

Q2 Q6 


2001) 50k 


Pe 
>—te [+ 


14; Stop Pin 





The Error Latch consists of Q5 and Q6 which, when both on, 
turns offthe PWMOutputand pullstheSlow-Start piniow. This 
latch is set by either the Over-Voltage or Current Shutdown 
comparators, or by ahigh signal on Pin 4. Reset is accom- 
| plished by either the Reset comparator or a low signal on Pin | 
4. An activation time delay can be provided with an external 
capacitor on Pin 4 in conjunction with the ~ 100pA collector 
current from Q4. 






















Restart Delay = (.51)(RAD)(Crp) 


CURRENT MODE CONTROL VOLTAGE FEED-FORWARD COMBINED a 
MAXIMUM DUTY-CYCLE CLAMP 


VIN 


R1 10k 


iii VREF 
R2 1k 
10) 


UC18 41 


UC1841 


VIN Sense 





(@) 

°o 

3 
L\ 

fr 

| 00 

< 
ra 
wT 
| 





In this circuit, R1 is used in conjunction with Cr (not shown) to 
establish a minimum ramp charging current such that the ramp 
voltage reaches 4.2V at the required maximum output pulse 
width. 


The purpose of Q1 is to provide an increasing ramp current 
above a threshold established by R2 and R3 such that the duty 
cycle is further reduced with increasing VIN. 


The minimum ramp current is: 
VREF -VINSENSE 4V 


Since Pin 10 is a direct input to the PWM comparator, this 
‘point can also serve as a current sense port for current mode 
control. In this application, current sensing is ground refer- 





enced through Res. Resistor R1 sets a 400mV offset across | IR(MIN) = Ay ~ By 

R2 (assuming R2 > Recs) so that both the Error Amplifier and 

Fault Shutdown can force the current completely to zero. R2 is | The threshold where Vin begins to add extra ramp current is: 
also used along with Cr as a small filter to attenuate leading- RO4R3 

edge spikes on the load current waveform. In this mode, | VIN ~ sev 

current limiting can be accomplished by divider R3/R4 which | R3 


Abovethethreshold,therampcurrentwillbe: 


IR (VARIAB) ~ a F ~— . 28 


forms a clamp overriding the output of the Error Amplifier. 






UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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eee UNITRODE 


Current Mode PWM Controller 


FEATURES 


Optimized For Off-line And DC 
To DC Converters 


Low Start Up Current (<1mA) 


Automatic Feed Forward 
Compensation 


Pulse-by-pulse Current Limiting 


Enhanced Load Response 
Characteristics 


Under-voltage Lockout With 
Hysteresis 


Double Pulse Suppression 


High Current Totem Pole 
Output 


Internally Trimmed Bandgap 
Reference 


500khz Operation 
Low Ro Error Amp 


BLOCK DIAGRAM 


GROUND 


VFB [2/3 


COMP [1/1 


CURRENT 
SENSE 328 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 






= 


DESCRIPTION 


The UC1842/3/4/5 family of control ICs provides the necessary features to im- 
plement off-line or DC to DC fixed frequency current mode control schemes 
with a minimal external parts count. Internally implemented circuits include un- 
der-voltage lockout featuring start up current less than 1mA, a precision refer- 
ence trimmed for accuracy at the error amp input, logic to insure latched 
operation, a PWM comparator which also provides current limit control, and a 
totem pole output stage designed to source or sink high peak current. The out- 
put stage, suitable for driving N Channel MOSFETs, is low in the off state. 


Differences between members of this family are the under-voltage lockout 
thresholds and maximum duty cycle ranges. The UC1842 and UC1844 have 
UVLO thresholds of 16V (on) and 10V (off), ideally suited to off-line applica- 
tions. The corresponding thresholds for the UC1843 and UC1845 are 8.4V 
and 7.6V. The UC1842 and UC1843 can operate to duty cycles approaching 
100%. Arange of zero to 50% is obtained by the UC1844 and UC1845 by the 
addition of an internal toggle flip flop which blanks the output off every other 
clock cycle. 


8/14) 


—| 5V 
DS ae}. 
@ 


VREF 
GOOD 


5.0V 


INTERNAL 
BIAS 


WA 


LOGIC = Vo 


6/10 
OUTPUT 


5/78 


POWER 


CURRENT GROUND 


SENSE 
COMPARATOR 


Note 1: |A/B] A = DIL-8 Pin Number. B = SO-14 Pin Number. 
Note 2: Toggle flip flop used only in 1844 and 1845. 
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UC1842/3/4/5 


- UC2842/3/4/5 
| _— UC3842/3/4/5 

ABSOLUTE MAXIMUM RATINGS (Note 1) _ & 

Supply Voltage (Low Impedance Source) .. 1.0.0.0... 6. cee eee eee eee 30V 

Supply Voltage (Icc <30MA) ...... 2... ccc cee eee eens Self Limiting 

Output GUMme@ntn.s.2 eases saan ad Seen eae adn gage as naweadeee hee +1A 

Output Energy (Capacitive Load)..... Een hed aioe deals ae apc avec nara ati ante pee 5p 

Analog Inputs (Pins 2, 3) ...... ere i oe er eee ee -0.3V to +6.3V 

Error Amp Output Sink Current .. 0.0.0.0... ee ee ee ea ioateae 10mA 

Power Dissipation at TA = 25°C (DIL-8) .............. Cosa rn el eae eas 1W 

Power Dissipation at TA =< 25°C (SOIC-14).. 0.0... ccc cece eee nee 725mW 

Storage Temperature Range ............-.. 0c cee eens -65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) ............ cc eee eee eee ees 300°C 
Note 1: All voltages are with respect to Pin 5. . 2 . : 
All currents are positive into the specified terminal. 
Consult Packaging Section of Databook for thermal limitations and considerations 
of packages. or 


CONNECTION DIAGRAMS 


DIL-8, SOIC-8 (TOP VIEW) 
| Nor J Package, D8 Package 






PLCC-20 (TOP VIEW) 
| Q Package 


[—“runcrion [pn 
i ee 
come 
1 ana Ea 
1 a 
a 
a 
a 
Suet Pair 
PWwAGND [12 
TeRouND [13 


13 
Te 
Eee: ie fs 
| vec = | 
i) | 


SOIC-14 (TOP VIEW) 
D Package 


N/C 
Vc 

Vcc 
N/C 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for -55°C < TA s 125°C for the 


UC184X; -40°C s TA s 85°C for the UC284X; 0°C s Ta = 70°C for the 384X; Vcc = 
15V (Note 5); Rt = 10k; CT =3.3nF, TA=Ty. 


UC1842/3/4/5 UC3842/3/4/5 UNITS 
PARAMETER TEST CONDITIONS UC2842/3/4/5 


| MIN | TYP | MAX | 
Reference Section 
Output Voltage Ty=25°C,lo=imA ss 4.95 | 5.00 | 5.05 | 4.90 | 5.00 | 5.10] v 
az 









Line Regulation 12 sVINS25V 


W2sVINs2V00 
Load Regulation tslos2oma | | | 8 
Temp. Stability 
Total Output Variation 
Output Noise Voltage 


Long Term Stability TA = 125°C, 1000HTrs. (Note 2) 

Output Short Circuit 
Oscillator Section 

Initial Accuracy | TJ = 25°C (Note 6) 

Voltage Stability 12 < Vcc <= 25V 

Amplitude VPIN 4 peak to peak (Note 2) 


Error Amp Section 


sis 
Be 


3 
Ss 
O 


oi 
oo 


x 
E 
N 


ae ' 
° S| |e 





ae) 
o na 
Nh t 
© ~ } = O}n = oO 


Input Bias Current -0. 

2s Vos 4V 

(Note 2) Ty = 25°C 

PSARO [12 Vows 25V 60 
Output Sink Current 2 


Output Source Current VPIN 2 = 2.3V, VPIN1 = 5V 


VouT High VPIN 2 = 2.3V, RL= 15k to ground 
VouT Low VPIN 2 = 2.7V, RL= 15k to Pin 8 
Current Sense Section 


Gain ; 
Maximum Input Signal | 
PSRR 
Input Bias Current feted oe ees tl 
Delay to Output 


Note 2: These parameters, although guaranteed, are not 100% tested in production. 
Note 3: Parameter measured at trip point of latch with VPIN 2 = 0. 
Note 4: Gain defined as 
A VPIN 1 
A tea aa 
A VPIN3 
Note 5: Adjust Vcc above the start threshold before setting at 15V. 
Note 6: Output frequency equals oscillator frequency for the UC 1842 and UC 1843. 
Output frequency is one half oscillator frequency for the UC 1844 and UC 1845. 
Note 7: Temperature stability, sometimes referred to as average temperature coefficient, is described by the equation: 
ms VReEF (max) - VREF (min) 
Temp Stability Ta (max) ~ Td (min) 
VREF (max) and VAREF (min) are the maximum and minimum reference voltages measured over the appropriate 
temperature range. Note that the extremes in voltage do not necessarily occur at the extremes in temperature. 


' 
>) N olo — On — oO 


ce no | 
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io) 
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,0s VPIN3 s0.8V 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for -55°C < Ta = 125°C for the 
a . UC184X; -40°Cs Ta s 85°C for the UC284X; 0°C s TA = 70°C for the 384X; Vcc = 
15V (Note 5); RT = 10k; Cr =3.3nF, Ta=Ty. 




































PARAMETER TEST CONDITION UC2842/3/4/5 
| MIN | Typ | Max | MIN | TyP | MAX | 
Output Section 
| Oupattow Level fenec= 20m | jot fos]  |o1{os]{ v | 
ismk=200mA | tt | 22 || ts | 22 | vv | 

| Cup tion lever euce = 2m (13 :[135| | 13 | i135] [ v 

| lisounce=200mA_ | 12 tS | | 12 | 35] | v | 
| RiseTime (T= 25°C, CL=tnF (Note?) | —s {| 50 | 150 | —|_50 | 150 | ns | 
| FallTime Ty = 25°C, Cu=inF(Note2) | | 50 | 150 | ~—|_ 50 | 150 | ns _ 
Under-voltage Lockout Section 

Start Threshold = ss eave | 8 | te | 17 | 145 | 16 | 175 
hussain —camamencmen C36 an ea eased oe 

Min. Operating Voltage |xaaaja | | tO | tt | 85 | to | 5] Vv | 
ee ene 
PWM Section | 

Maximum Duty Cycle | | 100 | 95 | 97 | 100 | % 

| | | 50 | 47 {| 48 | 50 | % | 
| Minimum DutyCycle | ale a SP a 
Total Standby Current = 
| Stat-UpCurent | (1 | {os | 4 | ma_ 
P| tt | a7 | ma | 
| 30 | 34 | | vv 


Note 2: These parameters, although guaranteed, are not 100% tested in production. 
Note 3: Parameter measured at trip point of latch with VeIN 2 = 0. 
Note 4: Gain defined as: 


Aa AVPINA. 9 < VPINS < O.BV. 
A VPIN3 


Note 5: Adjust Vcc above the start threshold before setting at 15V. 
Note 6: Output frequency equals oscillator frequency for the UC 1842 and UC 1843. 
Output frequency is one half oscillator frequency for the UC 1844 and UC1845. 


ERROR AMP CONFIGURATION 





Error Amp can Source or Sink up to 0.5mA 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


UNDER-VOLTAGE LOCKOUT 


ON/OFF COMMAND 
TO REST OF IC 


UC1842 | 
UC1844 
VON 


| 
Vec 
VoFF Von 
During under-voltage lock-out, the output driver is biased to ground with a bleeder resistor to prevent activating the power 
sink minor amounts of current. Pin 6 should be shunted to switch with extraneous leakage currents. 





CURRENT SENSE CIRCUIT 
ERROR 


| _ AMP 
= 2R 
C) 
COMP CURRENT 
SENSE 
COMPARATOR 


Asmall RC filter may be required to suppress switch transients. 





OSCILLATOR SECTION 
| 


Timing Resistance vs Frequency 





























VREF | 8 | 
i k 
| RT Deadtime vs CT (RT>5k) 400 
30 
Rt/CT na ai 
; 10 q 30 
T Q ped 
| 2 3 ; 
e 10 
GROUND 2 1 7 
0.3 3 
100 tk 10k 100k ‘1M 


FREQUENCY - (Hz) 


ee | 





For RT> 5k fwerot 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


OUTPUT SATURATION CHARACTERISTICS 


PGE 
ey 


| 
pan batot ofr | 
De oe ee ea 
—SINK SAT (VoL) 
01 .02 .03 .04.05 .07 .1 2 3.4.5 .71.0 
Output Current, Source or Sink - (A) 





> 














i) 





Ta = +25°C — 
Ta = -§5°Ci-— 





Saturation Voltage - (V) 
nN 


OPEN-LOOP LABORATORY FIXTURE 





ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


(0) - eseud 


8 
8 
$ 


Frequency - (Hz) 





4.7K 


eet 
ERROR AMP 


ADJUST > 5K 


ISENSE 
ADJUST 


COMP 


sulk VFB 
13| ISENSE 
oo: Rt/CtT 


4.7K 


High peak currents associated with capacitive loads necessi- 
tate careful grounding techniques. Timing and bypass capaci- 
tors should be connected close to pin 5 in a single point 


330 0) 


SHUTDOWN —e 


TO CURRENT 





UC1842 


VREF [8 }—90.1.LF 
Vcc 


OUTPUT j6| OUTPUT 


GROUND |[5) 


GROUND 


ground. The transistor and 5k potentiometer are used to sam- 
ple the oscillator waveform and apply an adjustable ramp to 
pin 3. 


COMP 


SHUTDOWN —e 


oe 


SENSE RESISTOR 


Shutdown of the UC1842 can be accomplished by two meth- 
ods; either raise pin 3 above 1V or pull pin 1 below a voltage 
two diode drops above ground. Either method causes the out- 
put of the PWM comparator to be high (refer to block diagram). 
The PWM latch is reset dominant so that the output will remain 
low until the next clock cycle after the shutdown condition at 





pin 1 and/or 3 is removed. In one example, an externally 
latched shutdown may be accomplished by adding an SCR | 
which will be reset by cycling Vcc below the lower UVLO 
threshold. At this point the reference turns off, allowing the 
SCR to reset. 
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OFFLINE FLYBACK REGULATOR 


D2 
1N3612 
C] 


R9 
680) 
aw 


USD1120 
C7 
470pF 


Power Supply Specifications 


1. Input Voltage 95VAC to 130VA 
(50 Hz/60Hz) 

2. Line Isolation 3750V 

3. Switching Frequency 40kHz 

4. Efficiency @ Full Load 70% 





SLOPE COMPENSATION 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


T1 D6 L1 
(NOTE 2) USD945 (NOTE 2) 


c9 
3300pF 


Np 


D4 D7 
1N3613 UFS1002 


D3 
1N3612 
<q 
C4 


47 uF NC 
25V 


Qi 
UFN833 


UES1002 
5. Output Voltage: 


V 
2W 
A. +5V, +5%; 1A to 4A load 


Ripple voltage: 50mV P-P Max 
B. +12V, +3%; 0.1A to 0.3A load 

Ripple voltage: 100mV P-P Max 
C. -12V ,+3%; 0.1A to 0.3A load 

Ripple voltage: 100mV P-P Max 





A fraction of the oscillator ramp can be resistively 
summed with the current sense signal to provide slope 
compensation for converters requiring duty cycles over 
50%. 


Note that capacitor, CT forms a filter with R2 to suppress 
the leading edge switch spikes. 
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mee UNITRODE 


Current Mode PWM Controller 


~~ UC1842A/3A/4A/5A 
P\&% —UC2842A/3A/4A/5A 
Z = —UC3842A/3A/4A/5A 


aus 





FEATURES DESCRIPTION 
e Optimized for Off-line and DC to DC The UC1842A/3A/4A/5A family of control ICs is a pin for pin compat- 
Converters 3 ible improved version of the UC3842/3/4/5 family. Providing the nec- 


essary features to control current mode switched mode power 
supplies, this family has the following improved features. Start up cur- 
e Trimmed Oscillator Discharge Current rent is guaranteed to be less than 0.5mA. Oscillator discharge is 
trimmed to 8.3mA. During under voltage lockout, the output stage can 
sink at least 10mA at less than 1.2V for Vcc over 5V. 


¢ Low Start Up Current (<0.5mA) 


* Automatic Feed Forward Compensation 


° Pulse-by-Pulse Current Limiting The difference between members of this family are shown in the table 


¢ Enhanced Load Response Characteristics below. 


Maximum Duty 


UC1842A 


¢ Under-Voltage Lockout With Hysteresis 


¢ Double Puise Suppression 









¢ High Current Totem Pole Output 
* Internally Trimmed Bandgap Reference 
e 500kHz Operation 






e Low Ro Error Amp 


BLOCK DIAGRAM 


Current 
Sense 
Comparator 


Note 1:| A/B | A = DIL-8 Pin Number. B = SO-14 Pin Number. 
Note 2: Toggle flip flop used only in 1844A and 1845A. 
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UC1842A/3A/4A/5A 


UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 

ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS 

Supply Voltage (Low Impedance Source) .............. 30V DIL-8; SOIC-8 (TOP VIEW) 

Supply Voltage (ICC MA)................ 0000 Self Limiting J or N, D8 Package 

OUIDUPCUITONE 55.45 Finicnionaa naw aleleariaeea as Les tl1A 

Output Energy (Capacitive Load)..................... 5yJ 

Analog Inputs (Pins 2,3) ...............0.. -0.3V to +6.3V Comp [i 8 | Vrer 

Error Amp Output Sink Current .................... 10mA VFB | 2 | Vcc 

Power Dissipation at TA s 25°C (DIL-8)................ 1W , 

Storage Temperature Range ............. -65°C to +150°C eo PS | @utput 

Lead Temperature (Soldering, 10 Seconds) .......... 300°C RT/CT | 4 15 | Gnd 


Note 1. All voltages are with respect to Ground, Pin 5. Currents 
are positive into, negative out of the specified terminal. Consult 
Packaging Section of Databook for thermal limitations and con- 
siderations of packages. Pin numbers refer to DIL package only. 













PACKAGE PIN FUNCTION 
FUNCTION | PIN | 


PLCC-20, LCC-20 
(TOP VIEW) 
Q, L Packages 





SOIC-14 (TOP VIEW) 
D Package 










8 14 
9 10 11 12 13 





ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for -55°C = TA s 125°C for the 
UC184xA; -40°C s TAs 85°C for the UC284xA; 0 s Tas 70°C for the UC384xA; Vcc = 


15V (Note 5); RT = 10k; Cr = 3.3nF; TA= Tu; Pin numbers refer to DIL-8. 


PARAMETER TEST CONDITIONS UC1B4xA\UC2B4xA UCIB4xA UNITS 
| MIN. | TYP. | MAX. | 


Reference Section 


3 
U 








| 5.00 | 5.10 | v_| 
| 6 | 20 | mv | 
| 6 | 25 | mv | 
| Temp. Stability | (Note 2, Note 7) | 










Total Output Variation Line, Load, Temp. 


Ty = 25°C (Note 2) 
| OutputShort Circuit | - 
Oscillator Section 
| Discharge Current [Tu = 25°C, Vina = 2V 3 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/SA 
UC3842A/3A/4A/5A 


ELECTRICAL Unless otherwise stated, these specifications apply for -55°C s TA s 125°C for the UC184xA; 
CHARACTERISTICS (cont.) -40°C = Tas 85°C for the UC284xA; 0 s TAs 70°C for the UC384xA; Vcc = 15V (Note 5); RT = 
~~ 10k; CT = 3.3nF; Ta = Ty; Pin numbers refer to DIL-8. 


8 7 x 
PARAMETER TEST CONDITIONS | BOTS AUCZEA UC384xA Units 
eS TYP. | MIN. | TYP, |MAX. | 
















Output High Level ISOURCE = 20mA 


—_, 
G 
Olu (Ol, ain 3 a pr no 


Snaeeu = —asemmen 
| RiseTime [Tu = 25°C, Ch = IF (Note 2) 50 | 150] | 
a 
0.7 — 


Under-Voltage Lockout Section 


| | MIN. | TYP. | MAX. | 
Venszov | 8 | 76 | | 88 | mA | 
Error Amp Section | | | | 
Input Voltage VPIN 1 = 2.5V | 2.50 | 255 | 2.4 250 
| Eee ae 
2=Vo = 4V | es | 9 | | 65. | 90 | 
Unity Gain Bandwidth Tu = 25°C (Note 2) Paes ae 
12s Voc = 25V | 60 | 70 | | 60 | 70 
| Output Sink Current [VpIn2=2.7V,Veni=tiv | 2 | 6 | | 2 | 6 | 
| Output Source Current [VeIn2=2.3V,Venr=sv_ | -0.5 | 08 | | -05 | -08 | 
| VourHign Ss (VrIN2 =2.3V,RL=15ktoground | 5 | 6 | | 5 | 6 
| VourLow Ss Vrinz=2.7V,RL=t5ktoPins | | o7 | 14 | | o7 | 
Current Sense Section | 
| Gan sss (Note 3, Note 4) |285| 3 | 3151295] 3 | 
|_Maximum Input Signal Vin + = 5V (Note 3) poo | 4 | ia [oo | 1 
| PSAR st secs 25v (Notes) | | 0 | | 0 | 
|_inputBiasCurent | Te to 
| Delayto Output [Vrina=0to2v(Note == |_| 150 | 300 | | 150 
Output Section . 
| Cupattowlevel panama p88 88 ff a 
5s 
Pd 
Pet 
leas xl 
Lad 
| 15 | 








ok 

> 

on 
Nis |S j= ° 
O/C lpm N 













Start Threshold x842A/4A ; 
X843A/5A 78 | 84 | 90 | 78 
Min. Operation Voltage After x842A/4A | 9 | 10 | 11 | 85 | 
TurnOn XB43A/5A | 70 | 76 | 82 | 7.0 
PWM Section 
Maximum Duty Cycle X842A/3A | 94 | 96 | 100 | 94 | 96 | 
pox a5 | | 50 | 47 | 48 
Minimum Duty Cycle eS EE FE Tae a % 
Total Standby Current 
Start-Up Current Poo fos || 03 | 05 | ma | 
Operating Supply Current___|VPiN2 = VrIN3 = OV Pot tt a ft tf ma J 
Note 2: These parameters, although guaranteed, are not 100% oscillator frequency for the UC 1844A and UC1845A. 
tested in production. Note 7: "Temperature stability, sometimes referred to as aver- 
Note 3: Parameter measured at trip point of latch with Vpin2 = 0. age temperature coefficient, is described by the equa- 
paste _, AVPINT | ee tion: - 
Note 4: Gain defined a A= AVEING Vane? Os VPIN3 s 0.8V. Temp Stability = VREF (Max - VREF (min) 
Note 5: Adjust Vcc above the start threshold before setting at Tu (max) - Ts (min) 
15V. . VREF (max) and VAEF (min) are the maximum & mini- 
Note 6: Output frequency equals oscillator frequency for the mum reference voltage measured over the appropriate 
UC1842A and UC1843A. Output frequency is one half temperature range. Note that the extremes in voltage 
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UC1842A/3A/4A/SA 
UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 


Error Amp Configuration 





ON/OFF COMMAND 
TO REST OF IC 





UC1842A 
UC1844A . 


en ae ae Naty te ee a ey Oe During UVLO, the Output is low. 


Current Sense Circuit 


CURRENT 
SENSE | 
COMPARATOR 


Peak Current (Is) is Determined By The Formula 


ISMAX ey 
Rs 


Asmall RC filter may be required to suppress switch transients. 
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UC1842A/3A/4A/5A 


a UC2842A/3A/4A/5A 
Se Pa ‘UC3842A/3A/4A/5A 
APPLICATIONS DATA (cont, 
. Output Saturation Characteristics Error Amplifier Open-Loop Frequency Response _ 


Ta = +25°C == 
Ta = -55 °C| —-— 


fla 
Joel | 


poop 


Voltage Gain - (dB) 


-~ 
> 
—— 
' 
® 
a 
«© 
_ 
o 
> 
Cc 
° 
~ 
© 
i“ 
| 
Cad 
w 
” 


SOURCE SAT (Vcc-Von) 
wiki ans SAT (VoL) 


01 .02 .03 .04.05 .07 .1 2 .3.4.5 .71.0 100k 
Output Current, Source or Sink - (A) Frequency - (Hz) 





Oscillator Section 


Oscillator Frequency vs Timing Resistance Maximum Duty Cycle vs Timing Resistor 


Sse: ee aes een adi ee ee ee 0 
eee rere} ee 
SCT CCT 80.0TTTTIL A CLE 
Soi saeco. mes eth or oO ieee oie oe PT TTT AT TET ETT TT 
EPS RG, Soon 0 
Le SS wu NS cai oi), BS SLE SE | 
AN eS POOL CCL 

= ae =i Ls RO 
BR lO PT 
OCI Ee _$LOCC 
GS) 0 mS | 
0 

PP 5G Se 0 
ALICE 
a a a 


For RT> Sk fo 272 | sail aaa GA 2 


300 1.00k 3.00k 10.0k 30.0k 100k 300 1.00k 3.00k 10.0k 30.0k 100k 
RT (ohms) RT (ohms) 


Oscillator Frequency (Hz) 
Maximum Duty Cycle (%) 





Open-Loop Laboratory Test Fixture 


roe a : UC1842A 
11] COMP VreF [8 


i. I 
ERROR AMP 2] Vea Vec [7} 


ADJUST 


ee is vik 1 
or ADJUST 13] ISENSE OUTPUT /{6| — : O OUTPUT 


GROUND [5) 


GROUND 


High peak currents associated with capacitive loads necessi- ground. The transistor and 5k potentiometer are used to sam- 
tate careful grounding techniques. Timing and bypass capaci- ple the oscillator waveform and apply an adjustable ramp to 
tors should be connected close to pin 5 in a single point pin 3. 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 


APPLICATIONS DATA (cont.) UC3842A/3A/4A/5A 
Off-line Flyback Regulator 


T1 D6 L1 
(NOTE 2) USD945 (NOTE 2) 


ce 
3300pF 
600V 


D4 
1N3613 


D2 D3 
1N3612 1N3612 
<< <q 


C4 
47F NC 


UC1844 - at 
| UFN833 


A 
nec) 
3 


Power Supply Specifications 5. Output Voltage: 
1. Input Voltage 95VAC to 130VA A. +9V, +5%; 1Ato 4A load 
(50 Hz/60Hz) Ripple voltage: 50mV P-P Max 
2. Line Isolation 3750V B. +12V, +3%; 0.1A to 0.3A load 
3. Switching Frequency 40kHz Ripple voltage: 100mV P-P Max 


4. Efficiency @ Full Load 70% C. -12V ,+3%; 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max 





Slope Compensation 


A fraction of the oscillator ramp can be resistively 

—— summed with the current sense signal to provide slope 
compensation for converters requiring duty cycles over 

Rr/Cr [4 PAC as 50%, | | 

Note that capacitor, C, forms a filter with R2 to suppress 

the leading edge switch spikes. 






| ISENSE 


gig 


RSENSE 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603)424-3460 
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INTEGRATED 
CIRCUITS |. 


aa UNITRODE 


Current Mode PWM Controller 


FEATURES 
e Automatic Feed Forward Compensation 


e Programmable Pulse-by-Pulse Current 
Limiting ho 


¢ Automatic Symmetry Correction in Push-pull 
Configuration 


* Enhanced Load Response Characteristics 


* Parallel Operation Capability for Modular 
Power Systems | 


e Differential Current Sense Amplifier with 
' Wide Common Mode Range 


e Double Pulse Suppression 

e 500mA (Peak) Totem-pole Outputs 
° +1% Bandgap Reference 

e¢ Under-voltage Lockout 

¢ Soft Start Capability 

¢ Shutdown Terminal 

e 500kHZ Operation 


BLOCK DIAGRAM — 


Reference 


2/93 


a UC1846/7 
i a UC2846/7 


ted) usagi 





DESCRIPTION 

The UC1846/7 family of control ICs provides all of the necessary 
features to implement fixed frequency, current mode _ control 
schemes while maintaining a minimum external parts count. The su- 
perior performance of this technique can be measured in improved 
line regulation, enhanced load response characteristics, and a sim- 
pler, easier-to-design control loop. Topological advantages include 
inherent pulse-by-pulse current limiting capability, automatic sym- 
metry correction for push-pull converters, and the ability to parallel 
“power modules” while maintaining equal current sharing. 


Protection circuitry includes built-in under-voltage lockout and pro- 
grammable current limit in addition to soft start capability. A shut- 
down function is also available which can initiate either a complete 
shutdown with automatic restart or latch the supply off. | 


Other features include fully latched operation, double pulse sup- 
pression, deadline adjust capability, and a +1% trimmed bandgap 
reference. | 


The UC1846 features low outputs in the OFF state, while the 
UC1847 features high outputs in the OFF state. 


VREF 
Regulator 2 


UC1846 
Output Stage 


UC1847 


Output Inverted 


JIL 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
a 


1] Current Limit 
Adjust 


16} Shutdown 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage (PIN 1S) iscsi yee ten eeesn or ins ee vaduskewet een ee aes +40V 
Collector Supply Voltage (Pin 13)....... 0... ccc eee eens +40V 
Output Current, Source or Sink (Pins 11, 14)......... 0.0.0.0. e eee 500mA 
Analog Inputs (Pins 3, 4,5, 6,16).......... 0... 0. cece eee eee -0.3V to +Vin 
Reference Output Current (Pin 2)......... 0.0.0.2 ccc eee eee eens -30mA 
Sync Output Current (Pin 10)..... 0.0.0... cc eee ee tenes -5mA 
Error Amplifier Output Current (Pin 7) .........0... 0.000 cee eee eee -5mA 
Soft Start Sink Current (Pin 1) 20... 0... ce eee eens 50mA 
Oscillator Charging Current (Pin9) ....... 0... 0... cece ee een eee 5mA 
Power Dissipation at TA=25°C ................. Se iiicoras ded oe es eee as 1000mW 
Power Dissipation at TC=25°C . 0... kc eee eee 2000mW 
Storage Temperature Range .............. 2. ce eee eee eee -65°C to +150°C 
Lead Temperature (soldering, 10 seconds................00ee eee +300°C 


Note 1. All voltages are with respect to Ground, Pin 13. Currents are positive into, 
negative out of the speficied terminal. Consult Packaging Section of Databook for 
thermal limitations and considerations of packages. Pin numbers refer to DIL and 
SOIC packages only. 


CONNECTION DIAGRAMS 


DIL-16, SOIC-16 
(TOP VIEW) 
J or N Package, DW Package 


16] Shutdown 





UC1846/7 
UC2846/7 
UC3846/7 


PLCC-20, LCC-20 
(TOP VIEW) | PIN | 


Q, L Packages 


FUNCTION 


8 14 
9 10 11 12 13 





ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for TA=-55°C to +125°C for 
UC1846/7; -40°C to +85°C for the UC2846/7; and 0°C to +70°C for the UC3846/7; 


VIN=15V, RT=10k, Ct=4.7nF, TA=Ty.) 


UC1846/UC1847 UC3846/UC3847 | 
PARAMETER TEST CONDITIONS UC2846/UC2847 


Reference Section 


Long Term Stabili Ty=125°C, 1000 Hrs. (Note 2) 
Short Circuit Output Current | VREF=0V 
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Typ. | MAX. | MIN. | TYP. | MAX. ]U 








UC1846/7 
UC2846/7 
UC3846/7 


ELECTRICAL (Unless otherwise stated, these specifications apply for TA=-55°C to +125°C for UCI 846/7; -40°C | 
CHARACTERISTICS (cont.) t +85°C for the UC2846/7; and 0°C to +70°C for the UC3846/7; ViN=15V, RT=10k, Cr=4.7nF, 
TA=TJ.) os 


UC1846/UC1847 — 


PARAMETER TEST CONDITIONS UC2846/UC2847 en aes 


ZO 
= 
@ 





3 
F 
= 
id 


Oscillator Section 

















|_Initial Accuracy = (TursrwGs 8 || 
fe et ee 
ee UE ae ee (ae ie 
| Syne OutputHighLevel | | 89 | | | ss | | 
| SyncOutputLowLevel =| | | | | 8 | 
| SyncinputHighLevel —|Pins=ov, Ct || CE | TE 
Sync Input Low Level eh 4 
Sync Input Current Sync Voltage=3.9V, Pin 8=0V ak 2 2 ae | 15 | mA | 
Error Amp Section | | = 
| Input OffsetVotage | | TS | 10 | mv 
| inputBiasCurent = | | oe | vt | oe | | A 
| _InputOfsetCunent = | tt | 0 | | 4 | 250 |_| 
| Common ModeRange |Vinsevtogov, | | fev] | vv] vv 
| Open Loop Votage Gain |AVo=1.2to3v,vem=2v_— | 80 | 05 | | 80 | 105 | |B 
|_Unity Gain Bandwidth _—[Ts=25°C (Note2) | or | tc | 7 | 10 | | Me 
| CMRR(Vowe0Vtogev,vinegov | 5 | too | | 75 | 100 | | oB 
PSRR VIN=BV to 40V | 80 | tos | | 80 | 105 | | oo 
| Output Sink Current Vio=-15mVto-8V,Ven7=t.2v | 2 | 6 | | 2 | 6 || mA 
|_Output Source Current___|Vin=15mV to 5V,VeIn7=25V_ | -0.4 | 0.5 | | -0.4 | 05 | | ma | 
Haniel Oupaivotage fAA=Pn7) 15K fA | 4B | _) 4S 48 | 
eae et a a 
Current Sense Amplifier Section 
25 | 275 | 30 | 25 | 275| 30 | v_| 
‘cman hermes’ tu tal [olal [ 
Signal (VPIN 4-VPIN 3) Ri (Pin 7)=15kW 1.2 V 
| Input Offset Voltage |VPIN1=0.5V,Pin7Open(Note3) | | 5 | 25 | | S| 28 | mv 
| CMRR|VeMetVto12V | 60 | 03 | | 6 | 23 | | ap | 
| PSAR_Vin=8V to 40V See 
Input Bias Current __{VPIN 1=0.5V, Pin 7 Open (Note 3) | 25 | -10 | | 25 | -10 | pA | 
Input Offset Current VPIN 1=0.5V, Pin 7 Open (Note 3) ee 0.08 a ae 0.08 | 4 | pA | 
|_InputCommonModeRange| | | | 
| Delayto Outputs [Ty=25°C, (Note2) | | 200 | 500 |_| 200 | 500 | os | 
Current Limit Adjust Section __ | | | 












- Current Limit Offset VPIN 3=0V, VPIN.4=0V, Pin 7 Open i a ie Fue ada 
| | (Note 3) V.. 
|_InputBias Current [vews=Vrer,venexov | | 10. | -30 | | -10 | -30 | pA | 
Shutdown Terminal Section a 
| ThresholdVottage | Ct 80 | 350 | 400 | 250 | 350 | 400 | mv | 
ee ee 
ey eres rer fats | oo fas | Lm | 
(IPIN 1) 3.0 3.0 ie) mA 
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UC1846/7 
UC2846/7 
UC3846/7 


ELECTRICAL (Unless otherwise stated, these specifications apply for TA=-55°C to +125°C for UC1846/7; -40°C 
CHARACTERISTICS (cont.) to +85°C for the UC2846/7; and 0°C to +70°C for the UC3846/7; Vin=15V, RT=10k, Cr=4.7nF, 
TA=TJ 


TJ.) 
— 
PARAMETER TEST CONDITIONS UC2846/UC2847 i” 
| MIN. | TYP. | MAX. | MIN. | TYP. | MAX. 


Shutdown Terminal Section (cont.) 
Maximum Non-Latching (Note 7) 
Current (IPIN 1) 
Delay to Outputs 
Output Section 
Collector-Emitter Voltage 


Ed 
ei: Fx 

Collector Leakage Current |Vo=40V(Note5) | 
Output Low Level tsw=20mA 
- ae 

| 13 

| 12 | 

fae 

Ee! 















. IsINK=100mMA 
Output High Level ISOURCE=20mA 
ISoOURCE=100mA 


Rise Time Ci=1nF, Tu=25°C (Note 2 

Fall Time C.i=inF, Tu=25°C (Note 2) 
Under-Voltage Lockout Section 

Start-Up Threshold 

Threshold Hysteresis 


of 
forse] | low] | v | 
Total Standby Current 
| SupplyCurent | lt | et Tt | ot | ma 


Note 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
Note 3. Parameter measured at trip point of latch with VPIN5 = VREF, VPIN 6 = OV. 

A VPINT. 1. VPINA = 0 to 1.0V. 

A VPIN4 

Note 5. Applies to UC1846/UC2846/UC3846 only due to polarity of outputs. 

Note 6. Current into Pin 1 guaranteed to latch circuit in shutdown state. 

Note 7. Current into Pin 1 guaranteed not to latch circuit in shutdown state. 


APPLICATIONS DATA 


Oo }1Oo 

© |O 
(o) 
> 





ra 
~] 
a 
< 





Note 4. Amplifier gain definedas: G-= 


Oscillator Circuit 


Sawtooth Pav a a 
(Pin 8) 


RT 
Osc 
(Pin 10) | | | | 


Output Deadtime (tq) 
Output deadtime is determined by the external capacitor, CT, according to the formula: Td (us) = 145CT (uf) 


For large values of RT: Td (us) ~ 145CT (uf). 
2.2 
Rr (kQ)* Cr (uf) 


Oscillator frequency is approximated by the formula: fr (kH2 ~ 
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UC1846/7 


UC2846/7 
| UC3846/7 
APPLICATIONS DATA (cont, 
Error Amp Output Configuration Error Amp Gain and Phase vs Frequency _ 


Kees ViN=20V 
IN | fT | t=28°e 
ESOS Neale lie ens ie 
ae ckseas 
er ae 
Pace Naaee) 
Ree e Seas 
ies! As Te SITE | 
Eel a DSS = 
Ee eh SS 
Pee alii de ops 
00 1k 10k 100k 1M 
FREQUENCY (Hz) 


ao 
oO 


a 
So 


> 
o 


id 
Lo) 
st} tt tt 


3SVHd dOOT-NadO0 


°o 


oa 
2 
= 
< 
Oo 
uw 
oO 
< 
J 
oO 
> 
a. 
re) 
.@) 
= 
= 
TT) 
a. 
1@) 


IF < 0.5mA 


Error Amplifier can source up to 0.5mA. 





Error Amp Open-Logic D.C. Gain vs Load Resistance 


ay eae 
Ty=25°C 


OPEN-LOOP VOLTAGE GAIN (dB) 


70 
0 10 20 30 40 50 60 70 80 90 100 
OUTPUT LOAD RESISTANCE, Rt (k-OHMS) 





Parallel Operation 


9) Rr 


O BI cr 


MASTER 


VrReF E/A+ Syne Comp E/A- 
10 7 6 
O) @ OD @ i) 
Output 
WOUr 7 Filters 


@ @ OO) 
10 7 6 = 
VreF E/A+ Syne Comp E/A- 


SLAVE 
(Additional Units) 


Slaving allows aonens operation of two or more 


units with equal current sharing. 
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UC1846/7 
UC2846/7 
APPLICATIONS DATA (cont.) UC3846/7 


Pulse by Pulse Current Limiting 


ISENSE 


Current 


Re VREF 
——_— -~ 0.5 
R1+ Re 


Peak Current (Is) is determined by the formula: Is = 35 





Soft Start and Shutdown /Restart Functions 


| 
| ISENSE 
| 
| o> 
1] Current 

Limit 





| 
| 
| 
| 
| 
| 
| 
| 
ner 16! Shutdown 


Shutdown With Auto-Restart Shutdown Without Auto-Restart 
(Latched) 


Current Limit 
(Pin 1) 
C5 = 


0 


Shutdown 
(Pin 16) 


ON 
OFF ae | eee 
i pe | es 9 8 oe 


VREF 0.8mA “BEF. > 3mA (Latched Off) 


if VEE < 0.8mA, the shutdown latch will commutate when if ner. > 3mA, the device will 
Iss = 0.8mA and a restart cycle will be initiated. latch off until power is recycled. 
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UC1846/7 
UC2846/7 


APPLICATIONS DATA (cont.) UC3846/7 


Current Sense Amp Connection 


A small RC filter may be required in some applications to reduce switch transients. 
Differential input allows remote, noise free sensing. 





UC1846 Open Loop Test Circuit 


Timing Resistor 


Freq. Set & - | - 
Max Duty Cycle Rr U O VreF (+5V Output) 


2 
O VIN (+12V 
Sawtooth Ye . weNd 


we 


Cap CTO O Sync 


+5V 


+5V 
OR Fo1pF fink _[4.7nF 0 ok 
ae jl. te 
= = an 7 
ee 


Shutdown 
Peter is qnerane 
(==1V PK) 


CompO 7 & 
+5V 


Inv O 
Duty Cycle 
Adjust 


+5V 


4000 


Current Limit 
Adjust ik . Sise 
10 Turn>. 


0.1 pF 
Ground for 
fi bos IL Adj 1 Normal Operation 


-Bypass Caps Should Be Low ESR & ESL Type 
-Short Pins 6 & 7 for Unity Gain Testing 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 » FAX (603)424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


Average Current Mode PWM Controller 


BLOCK DIAGRAM 


FEATURES 

e Practical Primary Side Control of 
Isolated Power Supplies with DC 
Control of Secondary Side 
Current 


INV | 4) 
CAO [5] 


e Accurate Programmable 
Maximum Duty Cycle Clamp 


e Maximum Volt-Second-Product 
Clamp to Prevent Core Saturation vs 


e Practical Operation Up to 1MHz 


e High Current (2A Pk) Totem Pole 
Output Driver 


e Wide Bandwidth (8MHz) Current 
Error Amplifier 


e Under Voltage Lockout Monitors 
VCC, VIN and VREF 


¢ Output Active Low During UVLO 
e Low Start-up Current (500A) 


e Precision 5V Reference (1%) 


= 5.0V 
VCC (15) | deer 
13/10 i> es 


QND [1 


DESCRIPTION 
The UC1848 family of PWM contro! ICs makes primary 
side average current mode control practical for isolated 
switching converters. Average current mode control in- 
sures that both cycle by cycle peak switch current and 
maximum average inductor current is well defined and will 
not run away in a short circuit situation. The UC1848 can 
be used to control a wide variety of converter topologies. 


In addition to the basic functions required for pulse width 
modulation, the UC1848 implements a patented tech- 
nique of sensing secondary current in an isolated buck 
derived converter from the primary side. A Current Wave- 
form Synthesizer monitors switch current and simulates 
the inductor current down slope so that the complete cur- 
rent waveform can be constructed on the primary side 
without actual secondary side measurement. This infor- 
mation on the primary side allows for full DC control of 
output current. 


The UC1848 circuitry includes a precision reference, a 
wide bandwidth Error Amplifier for average current con- 
trol, an Oscillator to generate the system clock, latching 
PWM comparator and logic circuits, and a high current 
Output Driver. The Current Error Amplifier easily inter- 
6/93 









— UC1848 
1 ihe UC2848 
a |= UC3848 
— Ee PRELIMINARY 


torr [1i} Current iy 


Error Amp _[_ 


e 


44) OUT . 


13] PGND 


[2] VREF 
UDG-93003 


faces with an opto-isolator from a secondary side voltage 
sensing Circuit. 


A full featured Under Voltage Lockout (UVLO) circuit is 
contained in the UC1848. UVLO monitors the supply volt- 
age to the controller (VCC), the reference voltage 
(VREF), and the input line voltage (VIN). All three must be 
good before soft start commences. If either VCC or VIN is 
low, the supply current required by the chip is only 500unA 
and the output is actively held low. 


Two on board protection features set controlled limits to’ 
prevent transformer core saturation. Input voltage is 
monitored and pulse width is constrained to limit the 
maximum volt-second-product applied to the transformer. | 
A unique patented technique limits maximum duty cycle 
within 3% of a user programmed value. 


These two features allow for more optimal use of trans- 
formers and switches, resulting in reduced system size 
and cost. 


Both patents embodied in the UC1848 belong to Lambda 
Electronics Incorporated and are licensed for use in appli- 
cations employing these devices. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pin 15). 0.0... 0... cece es .. 22V 
Output Current, Source or Sink (Pin 14) 

De eens dele triptinn edie ee ee pee ee re 0.5A 

Pulse (0. 5US) is cot win deedad lerebwen ee bene sss 2.2A 
Power Ground to Ground (Pin 1 to Pin 13) ........... +0.2V 
Analog Input Voltages 

(Pins 3, 4, 7, 8, 12, 16) ............... haba’ -0.3 to 7V 
Analog Input Currents, Source or Sink 

(Pins 3, 4, 7, 8, 11, 12, 16)... 6... eee ee eee 1mA 
CONNECTION DIAGRAMS 

DIL-16, SOIC-16 









(Top View) _ 
JorN, DW Packages 





~— ucts4s 


UC2848 

- 7 _ UC3848 
Analog Output Currents, Source or Sink (Pins 5 & 10) ... 5mA 
Power Dissipation at TA = 60°C ................ gaeeide . 1W 
Storage Temperature Range............... -65°C to +150°C 
Lead Temperature (Soldering 10 seconds) .......... +300°C 


Notes: All voltages are with respect to ground (DIL and SOIC 
pin 1). Currents are positive into the specified terminal. 
Pin numbers refer to the 16 pin DIL and SOIC packages. 
Consult Packaging Section of Databook for thermal 
limitations and considerations of packages. | 


PLCC-20 & LCC-20 
(Top View) 
Q & L Package 


PACKAGE PIN FUNCTION 


8 14 
9 10 11 12 13 


ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications are over the junction temperature range of . 
| -—— =55°C to +125°C for the UC1848, -40°C to +85°C for the UC2848, and 0°C to +70°C 
for the UC3848. Test conditions are: VCC = 12V, CT = 400pF, Cl = 100pF, IOFF = 
100A, CDC = 100nF, Cvs = 100pF, and Ivs = 400A, TA = Ty. 







Real Time Current Waveform Synthesizer 





Note 1: Guaranteed by design, but not 100% tested in production. 


: PARAMETER _ : TEST CONDITIONS | MIN | 


lon Amplifier oe 
Offset Voltage ara FT eae ee 
Slew Rate (Note 1 jo to is | 
| | 15 | pA | 
1OFF Current Mirror 7 ; 
a GS X= S 
| CurentGain | fo ft tt | NA 
pAvo OP wo co 
| Vio C—“(i‘“‘;*C*C*iA CS DOV, OVsVOMsEV | | 10 | mv | 
a GS OY <  Y 
| Veh —“‘;‘CS*C*sCSCSCSCSCst BOAR CC 
| vo —“‘CNC*C*C‘*dM OPA se —“—*‘“‘;é‘*iLC“‘#$S*dCCcwB | | VV 
| SourceCurrent CVT Ci ‘CA | 4.6 | 20 | mv | 
| GBWProduct Csi DOOKHZ— ee Ci S| CM 
| SlwRate(Notet) | —C—‘“‘“‘C*C‘~* BL 10 | hs | 
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UC1848 

UC2848 

UC3848 
ELECTRICAL Unless otherwise stated, all specifications are over the junction temperature range of -55°C 
CHARACTERISTICS (cont.): ; +125°C for the UC1848, -—40°C to +85°C for the UC2848, and 0°C to +70°C for the 


C3848. Test conditions are: VCC = 12V, CT = 400pF, Cl = 100pF, IOFF = 100uA, CDC = 
100nF, Cvs = 100pF, and Ivs = 400pA, TA = Ty. 


TEST CONDITIONS | MIN | typ | Max [UNITS 


Oscillator 













Frequency Tasos Cts—“‘;CSC*d:«CRO | 250 | 260 | KHz 

ee ee 

Ramp Amplitude aan }16 | 18 [| 20 | v | 
D cle Clamp 


| MaxDutyCycle (Dax) = 0.75 + Veter | 72 | 75 | 78 | % | 


Volt Second Clamr 


| MaxOnTime 900 Ff 8100 | ns | 

| Tum-onThreshold | ts te 

| Tum-offThreshold | Cd lt TT 

[Hysteresis | ls | fl 

| Tum-onTrreshold | is | | 

| Rivsreresis ete dt | 80 | 103 | hea | 
VREF 


oath 


2 < Vcc < 20V 
<lo<10mA 
VREF = OV 


Line Regulation 

Load Regulation 

Short Circuit Current 
Output Stage 





oi 
~N 2 
s13513 





| Rise &FallTime (Note) [CL = nF | | 20 | 45 | ns 
| Cuputtow Saturation fem tf 028 | 94 |v 

lo=200mA te | 
| Output High Saturation lo = -200mA | | 20 | 30 | Vv 
| UVLO Output Low Saturation fo = 20mA | fos | 12] v | 









pismanr tev 08 | 88 | ma | 
| lcc(pre-stat) CC tv=0 | Tt | ma 
| toot) ee 


Note 1: Guaranteed by design, but not 100% tested in production. 


UNDER VOLTAGE LOCKOUT 

The Under Voltage Lockout block diagram is shown in thresholds are 

Figure 1. The VCC comparator monitors chip supply volt- VIN(On) = 4.5V * (1 + Rvi/Rv2’) and 
age. Hysteretic thresholds are set at 13V and 10V to VIN(off) = 4.5V ¢ (1 + Rv1/Rv2) where 
facilitate off-line applications. If the VCC comparator is Rv2’ = Rv2|190k. 

low, ICC is low (S500pA) and the output is low. The resulting hysteresis is 

The UV comparator monitors input line voltage (VIN). A Vin(hys) = 4.5V * Rvt / 90k. 


pair of resistors divides the input line to UV. Hysteretic in- When the UV comparator is low, Icc is low (500uA) and 
put line thresholds are programmed by Rv1 and Rv2. The _ the output is low. 
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UNDER VOLTAGE LOCKOUT (cont.) © 

When both the UV and VCC comparators are high, the in- 
ternal bias circuitry for the rest of the chip is activated. The 
CDC pin (see discussion on Maximum Duty Cycle Control . 
and Soft Start) and the Output are held low until VREF ex- 
ceeds the 4.5V threshold of the VREF comparator. When. 
VREF is good, control of the output driver is transferred to 


UC1848 
UC2848 
UC3848 


the PWM circuitry and CDC is allowed to charge. 


if any of the three UVLO comparators go low, the UVLO 
latch is set, the output is held low, and CDC is discharged. 
This state will be maintained until all three comparators 
are high and the CDC pin is fully discharged. 


Low Voltage Bootstrap 
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Figure 2: Oscillator Frequency 
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OSCILLATOR 

A capacitor from the CT pin to GND programs oscillator 
frequency, as shown in Figure 2. Frequency is determined 
by: 

F=1/(10ke CT). 

The sawtooth wave shape is generated by a charging 
current of 200nA and a discharge current of 1800uA. The 
discharge time of the sawtooth is guaranteed dead time 
for the Output Driver. if maximum duty cycle control is de- 


30k 100k 300k 


1.0M 
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UC3848 


feated by connecting DMAX to VREF, the maximum duty 
cycle is limited by the oscillator to 90%. If adjustment is 
required to overcome capacitor and chip tolerance, an 
additional trim resistor RT from CT to Ground can be 
used to adjust the oscillator frequency. RT should not be 
less than 40kohms. This will allow up to a 25% decrease 
in frequency. 
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Figure 3: Error Amplitier Gain Phase Response over Frequency 


INDUCTOR CURRENT WAVEFORM SYNTHESIZER 


Average current mode control is a very useful technique 
to control the value of any current within a switching con- 


verter. Input current, output inductor current, switch - 


current, diode current or almost any other current can be 
controlled. In order to implement average current mode 
control, the value of the current must be explicitly known 
at all times. To contro! output inductor current (IL) in a 
buck derived isolated converter, switch current provides 
inductor current information, but only during the on time of 
the switch. During the off time, switch current drops 
abruptly to zero, but the inductor current actually dimin- 
ishes with a slope diL/dt = -Vo/L. This down slope must 
be synthesized in some manner on the primary side to 
provide the entire inductor current waveform for the con- 
trol circuit. 7 


The patented Current Waveform Synthesizer (Figure 4) 
consists of a unidirectional voltage follower which forces 
the voltage on capacitor Cl to follow the on-time switch 
current waveform. A. programmable discharge current 


synthesizes the off-time portion of the waveform. ION is 
the input to the follower. The discharge current is pro- 
grammed at IOFF. 


The follower has a one volt offset, so that zero current 
corresponds to one volt at Cl. Best utilization of the 
UC1848 is to translate maximum average inductor cur- 
rent to a 4 volt signal level. Given N and‘Ns (the turns « 
ratio of the power and current sense transformers), 
proper scaling of IL to V(Cl) requires a sense resistor Rs 
as Calculated from: 

Rs = 4V¢ Ns N/ iL(max). 
Restated, the maximum average inductor current will be 
limited to: 

IL(max) = 4V « Ns e N/Rs. 
IOFF and Cl need to be chosen so that the ratio of 
dV(Cl)/dt to diL/dt is the same during switch off-time as 
on-time. Recommended nominal off current is 100pA. 
This requires 

Cl = (100nA* N* Ns L)/ (Rs * Vo(nom)) 
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INDUCTOR CURRENT WAVEFORM SYNTHESIZER (cont.) : 3 


where L is the output inductor value and Vo(nom) is the 
converter regulated output voitage. 


IOFF can be programmed in several manners. If accurate 
average current control is required during short circuit op- 
eration, the |OFF must track output voltage. The method 
in Figure 4 derives a voltage proportional to VIN « D 
(Duty Cycle). (In a buck converter, output voltage is pro- 
portional to VIN « D.) Aresistive loaded diode connection 
to the bootstrap winding yields a square wave that is pro- 
portional in amplitude to VIN and is duty cycle modulated 
by the control circuit. Averaging this waveform with a filter 
generates a primary side replica of secondary regulated 
Vo. A single pole filter is shown, but in practice a two or 
three pole filter can do a better job of transient response. 
Filtered voltage is converted by ROFF to a current to the 
IOFF pin to control Cl down slope. 


If the system is not sensitive to short circuit requirements, 
Figure 5 shows the simplest method of downslope gen- 
eration: a single resistor (ROFF = 40k) from IOFF to 


Bootstrap Volts 


UDG-93010 





Figure 5: Fixed |IOFF 


VREF. The discharge current is then 100uA. The disad- 
vantage to this approach is that the synthesizer continues 
to generate a down slope when the switch is off even dur- 
ing short circuit conditions. Actual inductor down slope is 
closer to zero during a short circuit. The penalty is that 
the average current is understated by an amount approxi- 
mately equal to the nominal inductor ripple current. 
Output short circuit is therefore higher than designed 
maximum output current. 


A third method of generating IOFF is to add a second 
winding to the output inductor core (Figure 6). When the 
power switch is off and inductor current is in the free 
wheeling diode, the voltage across the inductor is equal 
to the output voltage plus the diode drop. This voltage is 
then transformed by the second winding to the primary 
side of the converter. The advantages to this approach 
are it’s inherent accuracy and bandwidth. Winding the 
second coil on the output inductor core while maintaining 
required isoiation makes this a more costiy soiution. in 
the example, ROFF = Vo / 100uA. The 4 * ROFF resistor 


oo om 
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Amp 
C1 Input 





| Figure 6: Second Inductor Winding Generation of IOFF 
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MAXIMUM VOLT-SECOND CIRCUIT 

A maximum Volt-Second-Product can be programmed by 
a resistor (Rvs) from VS to VIN and a capacitor (Cvs) 
from VS to ground (Figure 7). VS is discharged while the 
switch is off. When the output turns on, VS is allowed to 
charge. Since the threshold of the VS comparator is much 
less than VIN, the charging profile at Vs will be essentially 
linear. If VS crosses the 4.0V threshold before the PWM 
turns the output off, the VS comparator will turn the output 
Off for the remainder of the cycle. The maximum Volt-Sec- 
ond-Product is 

VIN © TON(Max) = 4.0V * Rvs © Cvs. 


MAXIMUM DUTY CYCLE AND SOFT START 
A patented technique is used to accurately program maxi- 
mum duty cycle. Programming is accomplished by a 
divider from VREF to DMAX (Figure 7). The value pro- 
grammed is: 

D(max) = Rd1 / (Rd1 + Rd2). 
For proper operation, the integrating capacitor, Cd, should 
be larger than Cd(min) > T(osc) / 80k, where T(osc) is the 
Oscillator period. Cd also sets the soft start time constant, 
so values of Cd larger than minimum may be desired. 
The soft start time constant is approximately: 

I(Ss) = 20k ¢ Cd. 
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UC3848 
GROUND PLANES 


The output driver on the UC1848 is capable of 2A peak 
currents. Careful layout is essential for correct operation 
of the chip. A ground plane must be employed (Figure 8). 
A unique section of the ground plane must be designated 
for high di/dt currents associated with the output stage. 
This point is the power ground to which to PGND pin is 
connected. Power ground can be separated from the rest 
of the ground plane and connected at a single point, al- 
though this is not strictly necessary if the high di/dt paths 
are well understood and accounted for. VCC should be 
bypassed directly to power ground with a good high fre- 
quency capacitor. The sources of the power MOSFET 
should connect to power ground as should the return con- 
nection for input power to the system and the bulk input 
Capacitor. The output should be clamped with a high cur- 
rent Schottky diode to both VCC and PGND. Nothing else 
should be connected to power ground. 


VREF should be bypassed directly to the signal portion of 
the ground plane with a good high frequency capacitor. 
Low esr/esl ceramic 1uF capacitors are recommended for 
both VCC and VREF. The capacitors from CT, CDC, and 
Cl should likewise be connected to the signal ground 
plane. 
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Figure 7: Duty Cycle Control 
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FIGURE 9: TYPICAL APPLICATION - AN AVERAGE CURRENT - MODE ISOLATED FORWARD CONVERTER 
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Programmable, Off-Line, PWM Controller 


FEATURES 


e All Control, Driving, Monitoring, and Protection 
Functions Included 


e Low-Current Off Line Start Circuit 

e Voltage Feed Forward or Current Mode Control 
¢ High Current Totem Pole Output | 

° 50% Absolute Max Duty Cycle 

e PWM Latch for Single Pulse Per Period 


e Pulse-by-Pulse Current Limiting plus Shutdown 
for Over-Current Fault 


¢ No Start-Up or Shutdown Transients 


¢ Slow Turn-On Both Initially and After Fault 
Shutdown 


e Shutdown Upon Over or Under Voltage Sensing 
e Latch Off or Continuous Retry After Fault 

¢ 1% Reference Accuracy 

e 500kHz Operation 

¢ 18 Pin DIL or 20 Pin PLCC Package 

BLOCK DIAGRAM 





COMP 
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DESCRIPTION 


The UC1851 family of PWM controllers are optimized for off- 
line primary side control. These devices include a high current 
totem pole output stage and a toggle flip-flop for absolute 50% 
duty cycle limiting. In all other respects this line of controllers is 
pin for pin compatible with the UC1841 series. Inclusion of all 
major housekeeping functions in these high performance con- 
trollers makes them ideal for use in cost sensitive applications. 


Important features of these controllers include low current 
Start-up, linear feed-forward for constant volt-second operation, 
and compatibility with both voltage or current mode control. In 
addition, these devices include a programmable start thresh- 
old, as well as programmable over-voltage, under-voltage, and 
over current fault thresholds. The fault latch on these devices 
can be configured for automatic restart, or latched off response 
to a fault. 


These devices are packaged in 18-pin plastic or ceramic dual- 
in-line packages, or for surface mount applications, a 20 Pin 
PLCC. The UC1851 is characterized for -55°C to +125°C op- 
eration while the UC2851 and UC3851 are designed for -25°C 
to +85°C and 0°C to +70°C, respectively. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage, +Vin (Pin 15) oh 


Votage DNVen 2s. asa see es oe eS SER esa eas , +32V 

Current Driven, 100mA maximum........... Self-limiting 
PWM Output Voltage (Pin 12) ................... .,.. 40V 
PWM Output Current, Steady-State (Pin 12)......... 400mA 
PWM Output Peak Energy Discharge ............ 20uJoules 
Driver Bias Current (Pin 14)...............00000- -200mA 
Reference Output Current (Pin 16) ................ -SOmA 
Slow-Start Sink Current (Pin 8) ..................5. 20mA 
Vin Sense Current (Pin 11).......... 0.0.0. e eee ee .. 10mA 
Current Limit Inputs (Pins 6&7) ............. -0.5 to +5.5V 
Stop Input (Pin 4)... 2... ce eee eee -0.3 to +5.5V 


CONNECTION DIAGRAMS 


DIL-18, SOIC-18 (TOP VIEW) 
J or N, DW Package 


COMP N.I. INPUT 


START/UV [2 INV. INPUT 


OV SENSE 5.0V REF 


STOP +Vin SUPPLY 


RESET DRIVE BIAS 


CUR THRESH GROUND 


CUR SENSE PWM OUT 


SLOW START Vin SENSE 


Rt/Cr RAMP 





PLCC-20, LCC-20 
(TOP VIEW) 
Q, L PACKAGE 





UC1851 


UC2851 

UC3851 
Comparator Inputs ‘ 
(Pins 1-7, 9-11, 16).............. Internally clamped at 12V 
Power Dissipation at Ta = 25°C (Note 3)........... 1000mW 
Power Dissipation at Tc = 25°C (Note 3)........... 2000mW 
Operating Junction Temperature......... .. 58°C to +150°C 
Storage Temperature Range.............. -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 


Note 1:All voltages are with respect to ground, Pin 13. 
Currents are positive-into, negative-out of the 
specified terminal 

Note 2:All pin numbers are referenced to DIL-18 package. 

Note 3:Consult Packaging Section of Databook for thermal 
limitations and considerations of package. 


| NLINPUT | 20 | 


onde 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1851, -40°C to +85°C for the UC2851, and 0°C to 70°C for the UC3851; VIN = 


20V, RT = 20kQ, Ct = .001 mfd, RR = 10k, CR = .001mfd. Current Limit Threshold 


= 200mV, TA= Ty. 


| uctasi/uczes1 |  ucsest 
__paraneren | resrconomons Fam rf was wi re [wa 


Power Inputs 


[StartUp Curent [Vw Sv, Pna=26v «dCi a | 8 | a | 6 | ml 


Operating Current 
Supply OV Clamp 
Reference Section 
Reference Voltage 
Line Regulation 
Load Regulation 
Total Ref Variation 
Short Circuit Current 
Oscillator 
Nominal Frequenc 
Voltage Stabili 
Total Ref Variation 
Maximum Frequency 


IL =Oto10mA 


VIN = 30V, Pin 2 = 3.5V 
VIN = 20mA 


aCe 
| 33 | 30 
Tas25rc sd 85 | 50 
Mn=8to3ov | 10 

ae oe 
Over Operating Temperature Range fag | | 

|| 80 


VrReF = 0, Ty = 25°C 


Ty = 25°C 
Vin = 8 to 30V mee 
Over Operating Temperature Range | 45 


RT = 2kQ, CT = 330pF 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1851, -40°C to +85°C for the UC2851, and 0°C to 70°C for the UC3851; Vin = 
20V, RT = 20kQ, Cr = .001 mfd, RR = 10kQ, Cr = .001mfd. Current Limit Threshold 
= 200mV, TA= Ty. 


ita 
[MIN | Typ | MAX | MIN | TYP | MAX. 
tt | ta [| tt | ta |_| 
| Ramp Current,Maximum __|isense=1.0mA_—— | 0.9 | -95 | | 0.9 | -95 | | ma | 
| Rampvalley = | C“(‘“‘L COB | 4 | 06 | OB | O04 | OG | V__ 
| RampPeak | Clamping Level (39 | 42 | 45 | 39 | 42 | 45 | v | 
a ee a a 
| _ImputBiasCurent = | CE Cl | ek Tt TS | gl 
| _InputOffsetCurrent | TT 
| OpentoopGain ss [AVo=1tosv_ | | 8G | | GO | 66 | |B 
Output Swing (Max Output s Minimum Total Range Cr oe SEs 
Ramp Peak - 100m 
| CMRR SS Vem=15to55V0 | 0 || 80 | ~~ | 70 | 80 | | a 
| PSRR v= 8tozov, = CCL 0 || 80 | | 70 || 80 | | 
| Short Circuit Current [Vcomp=ov, | 4 | to | | 4 | 10 | ma | 
| Gain Bandwidth (Note1) _—|[Ty=25°C,AvoL=0oB_ | 1 | 2 | UL at | 2 || Me 
| SlewRate(Note1) [Ty = 25°C, Avol = OdB | jos { | |os8 |] | vs 
eed ol Dl 
other than zero) (Note 1 Ramp Peak < 4.2V 
j Ouputtigntevet ——souree = 20m 18S) 18 88S Lt 
ISOURCE = 200mA 17 [185] {| 17 | a5] | Vv 
| RiseTime(Note1) = [Tu=25°C,Ci=tnF — | S| 50 (| 50 | | 50 | 150] ns | 
| _FallTime (Note!) Ty =25°C,Cu=tnF | | 50 | 150 | | 50 _'| 150 | ns | 
} OupurSenraton eur om | ff o2 [oa] | oe | o4 | Vv 
lout = 200mA on Rae ae eas ee 
| Comparator Delay (Note 1) [Pin 8toPin12,Ty=25°C,RL=1kQ| __—|_300 | 500 | _—|_ 300 | 500 | ns | 


Sequencing Functions 


| Comparator Thresholds [Pins2,3,5 «| 28 | 80 | 38.2 | 28 | 30 | 32 | Vv 
| _InputBiasCurent ss |Pins3,5=ov, CLC to | 4 | | 4.0 | 4.0 | WA 
| _InputLeakage sins 3,5 =10V—— ws CT S| ot | 2 || Ot | 20 | pA 
| Star/UV Hysteresis Current__|Pin 2 = 2.5V 170 | 200 | 220 | 170 | 200 | 230 | pA 
| Ext Stop Threshold ss [Pind CC s—C“‘;i‘iL:C | te | 24 | OB | 16 | 24 | Vv 
|_Error Latch Activate Current [Pin4=0V,Ping>3v_ | S| -120 | -200 | _—Y—-120 | -200 | pA | 
Erato a IE EO HW at 
ViN-VOH 

| Driver BiasLeakage [VB = OV | ft ot | 10 | | 0.1 | 10 | pA | 
| Slow-Start Saturation is=tomA CT S| ok | os | | 2 | 8 | VV 
| Slow-StartLeakage = Vs=45v00— | Sf ot | oO | | ot | 20 | A 
| CurentLimtOfset | CC Ct | To | t0 | mv 
| Current Shutdown Offset || = CSC—C~CSC*id:«=C | 400 | 430 | 360 | 400 | 440 | mv 
| _InputBiasCurent ss (Pinz=ov, CECT | |] 2 | 8 | 
| CommonModeRange(Notet){| CEO || BO | 4] ~~ | BO | VV 
|Current Limit Delay (Note 1) [Ty =25°C,Pin7to12,AL=1k — | ~— | 200 | 400 | _—|_ 200 | 400 | ns __ 


Note 1:Guaranteed by design. Not 100% tested in production. 
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: UC3851 
FUNCTIONAL DESCRIPTION _ 7 
PWM CONTROL | Bee aa ams | 
1. Oscillator | _|Generates a fixed-frequency internal clock from an external Rt and Cr. 







Kc 
RrCt 
; dv __ sensevoltage 
Develops noe ramp with slope defined externally by 7 RRCR 
Cr is normally selected s Cr and its value will have some effect upon valley duty cycle. 
Limiting the minimum value for ISENSE into pin 11 will establish a maximum duty cycle clamp. 
Cr terminal can be used as an input port for current mode control. 


3. Error Amplifier — Conventional operational amplifier for closed-loop gain and phase compensation. 
Low output impedance; unity-gain stable. ae 
The output is held low by the slow start voltage at turn on in order to minimize overshoot. 
4. Reference Generator: |Precision 5.0V for internal and external usage to 50mA. - 


Tracking 3.0V reference for internal usage only with nominal accuracy of +2%. 
i protection, 100mA maximum current. 
5. PWM Comparator: Generates output pulse which starts at termination of clock pulse and ends when the ramp input 
6. PWM Latch: 
7. PWM Output Switch: 


crosses the lowest of two positive inputs. ) 
Terminates the PWM output pulse when set by inputs from either the PWM comparator, the - 
‘SEQUENCING FUNCTIONS 
1. Start/UV Sense: 


__|Frequency = —-— where Kc is a first-order correction factor ~ 0.3 log (CT x 10°). 


2. Ramp Generator: — 













nulse-by-pulse comparator, or the error latch. Resets with each internal clock pulse. 


Totem pole output stage capable of sourcing and sinking 1 amp peak current. The active "on" state 
is high. | . 



















With an increasing voltage, this comparator generates a turn-on signal and releases the slow start 
clamp at a start threshold. eo 
With a decreasing voltage, it generates a turn-off command at a lower level separated by a 200pA: 
hysteresis current. | 7 

Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until input | 
voltage reaches start threshold. ; . 


Supplies drive to external circuitry upon start-up. 


3. Driver Bias: 
Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. 7 


4. Slow Start 
Can also be used as an alternate maximum duty cycle clamp 


PROTECTION FUNCTIONS | 


1. Error Latch: When set by momentary input, this latch insures immediate PWM shutdown and hold off until reset. 
Inputs to Error Latch are: | - oy 
a. OV > 3.2V (Typically 3V) 

b. Stop > 2.4V (Typically 1.6V) 

c. Current Sense 400mV over threshold. (Typical). . 

Error Latch resets when slow start voltage falls to 0.4V if Reset Pin < 2.8V. With Pin 5 > 3.2V, 
Error Latch will remain set. | 
Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshoid. | 
When sense voltage rises to 400mV (typical) above threshold, a shutdown signal is sent to Error 
Latch. 
A voltage over 2.4 will set the Error Latch and hold the output off. 
A voltage less than 0.8V will defeat the error latch and prevent shutdown. 

A capacitor here will slow the action of the error latch for transient protection by providing a Typical 
Delay of 13ms/uF. oF 





2. Drive Switch: 
















with an external voltage divider. 
























2. Current Limiting: 















3. External Stop: 
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Start/UV Hysteresis Current | Output Saturation Characteristics 


Am+25°C -—— 
Ta=-58°C ---- 


Hy (Vcc-VoH) 
ae NK SATIVOL) 


0 serene eee a 
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PWM Output Minimum Pulse Width 


Bet WIDTH GOES TO ZERO 
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Sat ttt 


ERNE 


SERA 
\ YA 


- (KHz) 
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Poke NE Sots 
| EX 


FREQUENCY 
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Error Amplifier Open-Loop Gain and Phase 


VOLTS : _ Input to OV Sense 


ae a 
5 Duty Cycle 
Clamp Voltage 


- (DEGREES) 


PIN 8 
VOLTS ‘ 


20 
PIN 12 PWM Output = 
VOLTS 0 Voltage 
a aes Se (ae 
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PHASE SHIFT 
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OPEN-LOOP CIRCUIT 


= ow FEE 


SLOW START 


DRIVER BASE 


UC1851 - 
D.U.T. PWM OUT OUTPUT 


pa-8 GROUND 


PACKAGE 
RESET 


10K 
CURRENT SENSE 
TEST 


C imit = 20 
Nominal Frequency = pace = 50kHz UV Fault Voltage = 3 oe = 8V athe a . i 
urrent Fault Voltage = 600mV 
Ri +R2+R3 


Start Voltage = 3 Cae | +0.2R1=12V ov Fault Voltage = 3 — a =32y Duty Cycle Clamp = 50% 
@VIN = 15V, Duty Cycle = 48% 
@VIN = 30V, Duty Cycle = 24% 





High Peak currents associated with capacitive loads necessitate careful grounding techniques. Timing and bypass 
capacitors should be connected close to pin 13 in a single ground point. 


Programmable Soft Start and Restart Delay Circuit UC1851 Power MOSFET Drive Interface 


TO XFMR. 


For further application information see UC1840/UC1841 
Data Sheets (B) TRANSFORMER COUPLED 
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High Power-Factor Preregulator 


FEATURES 


Low-Cost Power Factor 
Correction 


Power Factor Greater Than 0.99 
Few External Parts Required 
Controlled On-Time Boost PWM 
Zero-Current Switching 

Limited Peak Current 

Min and Max Frequency Limits 
Starting Current Less Than 1mA 
High-Current FET Drive Output 
Under-Voltage Lockout 


TYPICAL APPLICATION 
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DESCRIPTION 


The UC1852 provides a low-cost solution to active power-factor correction (PFC) 
for systems that would otherwise draw high peak current pulses from AC power 
lines. This circuit implements zero-current switched boost conversion, producing 
sinusoidal input currents with a minimum of external components, while keeping 
peak current substantially below that of fully-discontinuous converters. 


The UC1852 provides controlled switch on-time to regulate the output bulk DC 
voltage, an off-time defined by the boost inductor, and a zero-current sensing 
circuit to reactivate the switch cycle. Even though switching frequency varies with 
both load and instantaneous line voltage, it can be maintained within a reasonable 
range to minimize noise generation. 


While allowing higher peak switch currents than continuous PFCs such as the 
UC1854, this device offers less external circuitry and smaller inductors, yet better 
performance and easier line-noise filtering than discontinuous current PFCs with 
no sacrifice in complexity or cost. The ability to obtain a power factor in excess of 
0.99 makes the UC1852 an optimum choice for low-cost applications in the 50 to 
500 watt power range. Protection features of these devices include under-voltage 
lockout, output clamping, peak-current limiting, and maximum-frequency 
clamping. 


The UC1 852 family is available in 8-pin plastic and ceramic dual in-line packages, 
and in the 8-pin small outline IC package (SOIC). The UC1852 is specified for 
operation from -55°C to +125°C, the UC2852 is specified for operation from -40°C 
to +85°C, and the UC3852 is specified for operation from O°C to +70°C. 


=e ee “uc38s2 | 


— qn 
UVLO iC Power 


an 


feee 
feee 
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ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM © _ UCs852 
Supply Voltage (Low-impedance Source) ............ssssee 30.0V = ze : == 

Supply Current (High-impedance Source) .................06 30.0mA 

OUT Current, Peak.............cccccccsccssssssssceesceeecereceee seer suse sseees +1.0A  DIL-8 (TOP VIEW) SOIC-8 (TOP VIEW) 
OUT Energy, Capacitive Load................ hilsad an Suicinasslosbasblunes 5.0pJ a os ee | 
Input Voltage, ISNS .....cecscssescssessescsseeee Sh ele astern +5.0V {od 4 N Package —D Package 
Input Voltage, VFB ..........scssesecsecscsessteseesceneenees —0.3V to +10.0V | 

COMP Cutrent..........ccceee Sasiisdiutosein eesdatad cues tvetencaanit +10.0mA | 

ISET CUrTent......sscsccssssssessseeesnsses sidtiataietucnssnemsiee 10 OMA vreiLy 2) COMP a El 8} COMP 
Power Dissipation at Tas25°C (Note 3) .......c.ccecsessesseseeees 1.0W ISNS [2 vcc ISNS [2] vcc 
Storage Temperature ................ccssssssecessceeeeees -65°C to +150°C on 

Lead Temperature (Soldering, 10 Seconds)................... +300°C sere 8} OUT SET [3 8}.0uT 
Note 1: All voltages with respect to GND (Pin 1). - RAMP [4) 15} GND RAMP [4 [5] GND 


Note 2: All currents are positive into the specified terminal. 
Note 3: Refers to DIL-8 Package. Consult Packaging Section of 
Unitrode Integrated Circuits databook for thermal limitations and 


UDG-92002 
considerations of package. : | 


ELECTRICAL CHARACTERISTICS Unless otherwise stated, VCC=24V, ISET=50k to GND, RAMP=1nF to GND, ISNS= 
. —0.1V, VFB connected to COMP, no load on OUT, —55°C<Ta<+125°C for the UC1852, 
—40°C<Ta<+85°C for the UC2852, and 0°C<Ta<+70°C for the UC3852, and Ta=Tj. 


[panameren | testconvmions | in. | typ. | max. [unis 


Timer Section | 




















| IseTvotage | —i(‘imY 4 tl 5 | 8 TV 
| RAMP ChargeCurent || SRAMP=25V | BT | 108 | A 
| RAMP Discharge Curent || ISNS=-1.0V,RAMP=1.0V_ | 12] 28 | 50 | mA 
| RAMP Saturation Voltage | ISNS=-1.0V, IramP=100vA—s| =| (0.006 | 0.200 | V 
|_RAMP Threshold -Maximum Frequency | VFB=10V,COMPopen sss =| (0.92 | 1.02 | 142 | Vv 
| RAMP Threshold-PWMComparator | ss  CidL:C | 4 | | | 
Current Sense Comparator 
ISNS Restart Threshold | -18 | -10 | 


ISNS Fault Threshold 
ISNS Input Current 


ee 
=) 

te 
el 
beh 






| VFBinputVotage | | co | 8 | 
| VFBinputBiasCunent | 8.00 | -0.03 | 5.00 | WA 
| COMP Sink Current | COMP=7sV | tT 
| COMP Clamp Voltage | VFB=0.0V,COMPopen | 9.2 | 100 | 106 
VCC=13V, lout=-200mA, RAMP=2V_ | 05 | 17 | 25 | Vv 
| OUTSaturation VottageLow | lout=200mA,ISNS=-1.0v_ | | 16 | 22 | Vv 
| OUT Saturation Voltage Low@10mA__| lour=t0mA,ISNS=-1.0v_ | | 0.05 | 40 | Vv | 
| OUTClamp Voltage | tour=~200mA,RAMP=2V_ | 100 | 120 | 145 | Vv | 
| OUT Voltage duringUVLO_ | tourstoomavec-ov | os | tc | 22 | vv 


Overall Section 


|_Inactive Supply Current | svOC=tov, te | | 1.0 | ma 
| ActiveSupplyCurent | CT 8 | 0 | 1000 | ma | 
| VCCClamp Voltage | tCC=BEMA | |_| | 
| VCCTum-OnThreshold | Cd 8 | 163 | 175 | VI 
| VCCTum-OnThreshoid | 05 |S | 1.0 | OV 
| VCCThreshold Hysteresis | | 
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DETAILED BLOCK DIAGRAM 


-10mV—-O ip 


DOMINANT 


PIN DESCRIPTIONS 


COMP: COMP is the output of the error amplifier and the 
input of the PWM comparator. To limit PWM on-time, this 
pin is clamped to approximately 10V. To implement soft 
start, the COMP pin can be pulled low and ramped up with 
a PNP transistor, a capacitor, and a resistor. 


GND: Ground for all functions is through this pin. 


ISET: The dominant function is of this pin is to program 
RAMP charging current. RAMP charging current is 
approximately 5V divided by the external resistor placed 
from ISET to ground. Resistors in the range of 10kQ to 
50kQ2 are recommended, producing currents in the range 
of 100A to 500A. 


Asecond function of ISET is as reference output. The ISET 
pin is normally regulated to 5V +10%. It is critical that this 
pin only see the loading of the RAMP programming resistor, 
but a high input-impedance comparator or amplifier may be 
connected to this pin or to a tap on the RAMP programming 
resistor if required. 


The third function of the ISET pin is as a FAULT output. In 
the event of an over-current fault, the ISET pin is forced to 
approximately 9V by the fault comparator. This can be used 
to trip an external protection circuit which can disable the 
load or start a fault restart cycle. 


ISNS: This input to the zero and over current comparators 
is specially built to allow operation over a +5V dynamic 
range. In noisy systems or systems with very high Q 
inductors, it is desirable to filter the signal entering the ISNS 
input to prevent premature restart or fault cycles. For best 
accuracy, ISNS should be connected to a current sense 
resistor through no more than 200 ohms. 
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[eJour 
12/16V shi : — 

J >— v0 

P7}vec 
av 7 


OUT: The output of a high-current power driver capable of 
driving the gate of a power MOSFET with peak currents 
exceeding +500mA. To prevent damage to the power 
MOSFET, the OUT pin is internally driven by a 12V supply. 
However, lead inductance between the OUT pin and the 
load can cause overshoot and ringing. External current 
boost transistors will increase this overshoot and ringing. If 
there is any significant distance between the IC and the 
MOSFET, external clamp diodes and/or series damping 
resistors may be required. OUT is actively held low when 
the VCC is below the UVLO threshold. 


RAMP: A controlled on-time PWM requires a timer whose 
time can be modulated by an external voltage. The timer 
current is programmed by a resistor from ISET to GND. A 
Capacitor from RAMP to GND sets the on time in 
conjunction with the voltage on COMP. Recommended 
values for the timer capacitors are between 100pF and inF. 


VCC: VCC is the logic and control power connection for this 
device. VCC current is the sum of active device supply 
current and the average OUT current. Knowing the 
maximum operating frequency and the MOSFET gate 
charge (Qg), average OUT current can be estimated by: 


louT = Qg x F 


To prevent noise problems, bypass VCC to GND with both 
a ceramic and an electrolytic capacitor. 


VFB: VFB is the error amplifier inverting input. This input 
serves as both the voltage sense input to the error amplifier 
and as the other compensation point for the error amplifier. 





~ UC1852 
UC2852 


oa. UC385 
TYPICAL CHARACTERISTICS : 


Error Amplifie Gai d PI pare HS 
| a reece _ Max Frequency vs. Rset and Ct 
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APPLICATION INFORMATION: A 100 Watt UC3852 


Ic1 





UDG-92004 





This circuit demonstrates a complete power factor preregulator based on the UC3852. This preregulator will supply 
up to 100 watts at 400VDC and exhibit power factor greater than 0.995 with less than 10% total harmonic distortion. 
Operating input range is 90V to 160V RMS at 50Hz to 60Hz. 


This design is intentionally simple, yet fully functional. The UC3852 can also be used in designs featuring soft start, 
over-voltage protection, wide power-line voltage operation, and fault latching. For more information on applying the 
UC3852, refer to Unitrode Application Note U—132. 


PARTS LIST 
C1 0.47uF/250VAC X2 Class Polyester Q1 —sIRF830 4.5A/500V 1.52 Power FET 
C2  1nF/16V Ceramic L1 680uH (Renco RL3792 with 


10 Turn 24 AWG Secondary) 
R1 150k, %4W 
R2 0.2Q, YW Carbon Composition 


C3  68yF/35V Aluminum Electrolytic 

C4 180pF/16V Ceramic 

C5  0.1pF/16V Polyester or Ceramic 
: R3 = 10, %4W 

C6 82uF/450V Aluminum Electrolytic 


R4 — 13.3kQ, “4W 
D1 2A/500V Bridge Rectifier (Collmer ¥ 
KBPC106 or Powertex MB11A02V60) 9-95 TM, Y4W 


D2  100mA/50V Switching Diode (1N4148) FE = 20k2, 4W 


D3 2A/500V 250ns Recovery-Time Rectifier R7  200k&2, Yew 
(Motorola MR856) R8 200k, YW 


IC1 UC3852N Power Factor Controller IC RQ = 5.1kQ, YW 
R10 122, V4W 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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High Power Factor Preregulator 


FEATURES 

¢ Control Boost PWM to 0.99 Power Factor 
¢ Limit Line Current Distortion To <5% 

° World-Wide Operation Without Switches 
° Feed-Forward Line Regulation 

e Average Current-Mode Control 

¢ Low Noise Sensitivity 

e Low Start-Up Supply Current 

*  Fixed-Frequency PWM Drive 

e Low-Offset Analog Multiplier/Divider 

* 1A Totem-Pole Gate Driver » 


e Precision Voltage Reference 


BLOCK DIAGRAM 


UC1854 
UC2854 
UC3854 





DESCRIPTION 


The UC1854 provides active power factor correction for power sys- 
tems that otherwise would draw non-sinusoidal current from sinusoi- 
dal power lines. This device implements all the control functions 
necessary to build a power supply capable of optimally using avail- 
able power-line current while minimizing line-current distortion. To do 
this, the UC1854 contains a voltage amplifier, an analog multiplier/di- 
vider, a current amplifier, and a fixed-frequency PWM. In addition, the 


~ UC1854 contains a power MOSFET compatible gate driver, 7.5V ref- 


erence, line anticipator, load-enable comparator, low-supply detector, 
and over-current comparator. 


The UC1854 uses average current-mode control to accomplish fixed- 
frequency current control with stability and low distortion. Unlike peak 
current-mode, average current control accurately maintains sinusoidal 
line current without slope compensation and with minimal response to 
noise transients. | 


The UC1854’s high reference voltage and high oscillator amplitude 
minimize noise sensitivity while fast PWM elements permit chopping 
frequencies above 200kHz. The UC1854 can be used in single and 
three phase systems with line voltages that vary from 75 to 275 volts 
and line frequencies across the 50Hz to 400Hz range. To reduce the 
burden on the circuitry that supplies power to this device, the UC1854 
features low starting supply current. 


These devices are available packaged in 16-pin plastic and ceramic 
dual in-line packages, and a variety of surface-mount packages. 





2/93A 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage VCC 1... ccc cee eee ee tenes 35V 
GT Drv Current, Continuous .............. 0.0 cee eee ee eee 0.5A 
GT Drv Current, 50% Duty Cycle... 0... 0... cece eee 1.5A 
Input Voltage, VSENSE, VAMS ............ 0c cece eee eee eee 11V 
Input Voltage, ISENSE, Mult Out ............0.. 0... c cee eee 11V 
Input Voltage, PKLMT .............. 0. ccc eee teen eeeee 5V 
Input Current, Rset, lac, PKLMT, ENA.................... 10mA 
Power Dissipation. ..........0 0... cc cece eee ee eee enes 1W 

Storage Temperature ..................00 -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) .............. +300°C 


CONNECTION DIAGRAM 
DIL—16 & SOIC-16 
(Top View) 
J, N & DW Packages 






Mult Out | 5 | 





ELECTRICAL 





PLCC-20 & LCC-20 
(Top View) 
Q&L Packages 


8 14 
9 10 11 12 13 





UC1854 
UC2854 
UC3854 


Note 1: All voltages with respect to Gnd (Pin 1). 

Note 2: All currents are positive into the specified terminal. 
Note 3: ENA input is internally clamped to approximately 
14V. 

Note 4: Consult Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limita- 
tions of packages. 










PACKAGE PIN FUNCTION 







| NG 
| Gnd 
PKLMT 


| ISENSE 
| MultOut | 7 
| SS 7 







Unless otherwise stated, Vcc=18V, RT=8.2k, Cr=1.5nF, PKLMT=1V, Vams=1.5V, lAc=100pA, 


CHARACTERISTICS Isense=0V, CA Out=4V, VA Out=3.5V, VSENSE=3V, —55°C<Ta<125°C for the UC1854A/B, 
—40°C<Ta<85°C for the UC2854A/B, and 0°C<Ta<70°C for the UC3854A/B, and Ta=Ty. 





OVERALL 
Supply Current, On — 


Vcc Turn-Off Threshold 
ENA Threshold, Rising 
ENA Threshold Hysteresis . 





VOLTAGE AMPLIFIER 


Voltage Amp Gain 







VsENSE Bias Current VSENSE=0V 
Voltage Amp Short Circuit Current VA Out=0V 
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__PARAMETER TEST CONDITIONS | MIN’ | Typ | MAX | UNITS | 
Supply Current, Off ENA=0V 
Vec Turn-On Threshold eo ee 


Voltage Amp Offset Voltage VA Out=3.5V 


Voltage Amp Output Swinc ee 
SS=2.5V 












70 


| -500__| 
P| 
a 
Loo] 





UC1854 
UC2854 


UC3854 
ELECTRICAL Unless otherwise stated, Vcc=18V, Rset=15k to ground, Ct=1.5nF to ground, PKLMT=1V, ENA=7.5V, 
CHARACTERISTICS VrMs=1.5V, lAc=100nA, ISENSE=0V, CA Out=3.5V, VA Out=5V, VSENSE=7.5V, no load on SS, CA Out, 
VA Out, REF, GT Drv, —55°C<Ta<125°C for the UC1854, —40°C<Ta<85°C for the UC2854, and . 
-0°C<Ta<70°C for the UC3854, and Ta=Ty. : | 






| PARAMETER | = TESTCONDITIONS ~— |S MIN- | TYP | MAX | UNITS 

| CurrentAmpOftsetvotage | 

| IsenseBiasCurent = | | 800 | 120 =| 500 | A 

| InputRange, Isense,MutOut | sto] | 

| CurrentampGain | tt 

|_CurrentAmp OutputSwing | store | | 
Current Amp Gain-BW Product __[Ta-25°C_ | 400 fee! 








REFERENCE —_ : 
Reference Output Voltage REF=OmA, TA=25°C 





bs 


Oscillator Frequency | , =15k 
=8.2k 


x 
a 
N 


02 


| 

| _VreFLoad Regulation ==» |-10mAciner<OmA CTC | | mv 

15V<Vco<35V ) -to | 2 | 10 | mv _ 

VREF Short Circuit Current _ REF=0V | | 50 | -28 | -12 | ma | 

lac=100uA, RSET=10k | 220 | -200 | -180 | pA 

20 | -02 | 20 | w | 

|__Mult Out Current Rset Limited —_—_|IAc=450nA, RSET=15k | 280 | -255 | -200 | pA 

Mult Out Current | lac=50uA, VAMS=2V, VA=4V | 60 | -42 | -33 | pa | 

WAc=100HA, VAMS=2V,VA=2V_ | S38 | = 27 || 12 | A 

iac=200HA, Vaws=2V,VA=4V_— | 165 | 150 | ~105 | WA 

lac=300pA, Vams=1V, VA=2V | 250 | 225 

lac=100nA, VaMSs=1V, VA=2V | 95 

| Multiplier Gain Constant =| (Note 5) oe al ee ae 
OSCILLATOR | | _ 

| 46 | 62 | kHz 

ee a 


ar 
i 
ao 


< 


Ct Ramp Peak-to-Valley Amplitude . 
Cr Ramp Valley Voltage 

GATE DRIVER 
Maximum GT Drv Output Voltage 


OmA load on GT Dry, 18V<Vcc<35V 


JOmA load on GT Drv, 18V<Voc<35V__ 145 | 18 | Vv 
2 | 128 | | ov 
|_GT Drv Output Voltage Low, Off __|Vcc=0V, 50mAloadonGTDw | | | sf 
| GTOvOupuvetage tow oma paon TO fa FL 
| PeakGTDrvCurrent |10nFfrom@TDvtoGnd | | | A 
| GTDvRiseFallTime —|inFfromG@TDrvtoGnd | | 85s 
| GTDrvMaximumDutyCycle | Et 
|_PKLMT OffsetVottage | tT | tm 
| PKLMT InputCurrent SS [PKLMT=-O.1V | 200 | 100 | | A 
| PKLMTtoGTDrvDelay a ee ee 


PKLMT to GT Drv Delay PKLMT falling from 50mV to -5OmV 


kx IAC x (VA Out-1) 


Note 5: Multiplier Gain Constant (k) is defined by: IMult Out = oe 
AM. 
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PIN DESCRIPTIONS (Pin Numbers Refer to DIL Packages) 


Gnd (Pin 1) (ground): All voltages are measured with re- 
spect to Gnd. Vcc and REF should be bypassed directly 
to Gnd with an 0.1pF or larger ceramic capacitor. The tim- 
ing capacitor discharge current also returns to this pin, so 
the lead from the oscillator timing capacitor to Gnd should 
also be as short and as direct as possible. 


PKLMT (Pin 2) (peak limit): The threshold for PKLMT is 
0.0V. Connect this input to the negative voltage on the 
current sense resistor as shown in Figure 1. Use a resis- 
tor to REF to offset the negative current sense signal up 
to Gnd. 


CA Out (Pin 3) (current amplifier output): This is the out- 
put of a wide-bandwidth op amp that senses line current 
and commands the pulse width modulator (PWM) to force 
the correct current. This output can swing close to Gnd, 
allowing the PWM to force zero duty cycle when neces- 
sary. The current amplifier will remain active even if the IC 
is disabled. The current amplifier output stage is an NPN 
emitter follower pull-up and an 8k resistor to ground. 


ISENSE (Pin 4) (current sense minus): This is the inverting 
input to the current amplifier. This input and the non-in- 
verting input Mult Out remain functional down to and be- 
low Gnd. Care should be taken to avoid taking these 
inputs below —0.5V, because they are protected with di- 
odes to Gnd. 


Mult Out (Pin 5) (multiplier output and current sense 
plus): The output of the analog multiplier and the non-in- 
verting input of the current amplifier are connected to- 
gether at Mult Out. The cautions about taking ISENSE 
below —0.5V also apply to Mult Out. As the multiplier out- 
put is a current, this is a high impedance input similar to 
ISENSE, so the current amplifier can be configured as a 
differential amplifier to reject Gnd noise. Figure 1 shows 
an example of using the current amplifier differentially. 


lac (Pin 6) (input AC current): This input to the analog 
multiplier is a Current. The multiplier is tailored for very 
low distortion from this current input (IAC) to Mult Out, so 
this is the only multiplier input that should be used for 
sensing instantaneous line voltage. The nominal voltage 
on IAC is 6V, so in addition to a resistor from IAC to recti- 
fied 60Hz, connect a resistor from IAC to REF. If the resis- 
tor to REF is one fourth of the value of the resistor to the 
rectifier, then the 6V offset will be cancelled, and the line 
current will have minimal cross-over distortion. 


VA Out (Pin 7) (voltage amplifier output): This is the out- 
put of the op amp that regulates output voltage. Like the 
current amplifier, the voltage amplifier will stay active 
even if the IC is disabled with either ENA or Vcc. This 
means that large feedback capacitors across the amplifier 
will stay charged through momentary disable cycles. Volt- 
age amplifier output levels below 1V will inhibit multiplier 
output. The voltage amplifier output is internally limited to 
approximately 5.8V to prevent overshoot. The voltage 
amplifier output stage is an NPN emitter follower pull-up 
and an 8k resistor to ground. 


UC1854 
UC2854 
UC3854 


Vrms (Pin 8) (RMS line voltage): The output of a boost 
PWM is proportional to the input voltage, so when the 
line voltage into a low-bandwidth boost PWM voltage 
regulator changes, the output will change immediately 
and slowly recover to the regulated level. For these de- 
vices, the VRMS input compensates for line voltage 
changes if it is connected to a voltage proportional to the 
RMS input line voltage. For best control, the VRMS volt- 
age should stay between 1.5V and 3.5V. 


REF (Pin 9) (voltage reference output): REF is the output 
of an accurate 7.5V voltage reference. This output is ca- 
pable of delivering 10mA to peripheral circuitry and is in- 
ternally short circuit current limited. REF is disabled and 
will remain at OV when Vcc is low or when ENA is low. 
Bypass REF to Gnd with an 0.1pF or larger ceramic ca- 
pacitor for best stability. 


ENA (Pin 10) (enable): ENA is a logic input that will en- 
able the PWM output, voltage reference, and oscillator. 
ENA also will release the soft start clamp, allowing SS to 
rise. When unused, connect ENA to a +5V supply or pull 
ENA high with a 22k resistor. The ENA pin is not intended 
to be used as a high speed shutdown to the PWM output. 


VSENSE (Pin 11) (voltage amplifier inverting input): This is 
normally connected to a feedback network and to the 
boost converter output through a divider network. 


Rset (Pin 12) (oscillator charging current and multiplier 


limit set): A resistor from RSET to ground will program os- 


cillator charging current and maximum multiplier output. 
Multiplier output current will not exceed 3.75V divided by 
the resistor from RSET to ground. 


SS (Pin 13) (soft start): SS will remain at Gnd as long as 
the IC is disabled or Vcc is too low. SS will pull up to over 
8V by an internal 14yA current source when both Vcc be- 
comes valid and the IC is enabled. SS will act as the ref- 
erence input to the voltage amplifier if SS is below REF. 
With a large capacitor from SS to Gnd, the reference to 
the voltage regulating amplifier will rise slowly, and in- 
crease the PWM duty cycle siowly. In the event of a dis- 
able command or a supply dropout, SS will quickly 
discharge to ground and disable the PWM. 


Cr (Pin 14) (oscillator timing capacitor): A capacitor from 
Ct to Gnd will set the PWM oscillator frequency accord- 
ing to this relationship: 


1.25 
~ RSETx Cr 


Vcc (Pin 15) (positive supply voltage): Connect Vcc to a 
stable source of at least 20mA above 17V for normal op- 
eration. Also bypass Vcc directly to Gnd to absorb supply 
current spikes required to charge external MOSFET gate 
capacitances. To prevent inadequate GT Drv signals, 
these devices will be inhibited unless Vcc exceeds the 
upper under-voltage lockout threshold and remains 
above the lower threshold. 
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PIN DESCRIPTIONS (cont.) 


GT Drv (Pin 16) (gate drive): The output of the PWM is a 
totem pole MOSFET gate driver on GT Drv. This output is 
internally clamped to 15V so that the IC can be operated 
with Vcc as high as 35V. Use a series gate resistor of at. 
least 5 ohms to prevent interaction between the gate .im- 


TYPICAL CHARACTERISTICS at Ta = Tu = 25°C 


‘Current Amplifier Gain and Phase vs Frequency 
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pedance and the GT Drv output driver that might cause 
the GT Drv output to overshoot excessively. Some over- 


shoot of the GT Drv output is always expected when driv- 
ing a ca cl ee load. i 


Voltage Amplifier Gain and Phase vs Frequency 
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TYPICAL CHARACTERISTICS at TA = Tu = 25°C (cont. 


UC1854 
UC2854 
UC3854 


Multiplier Output vs Multiplier Inputs with Mult Out=0V 


1 8 Me? 
ee 
ail 
a 
V4 


300 
Mult Out 
pA 


ee a 
VA Out=5V- 


100 
Mult Out 
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APPLICATIONS INFORMATION 


A 250W PREREGULATOR 

The circuit of Figure 1 shows a typical application of the 
UC3854 as a preregulator with high power factor and effi- 
ciency. The assembly consists of two distinct parts, the 
control circuit centering on the UC3854 and the power 
section. 

The power section is a "boost" converter, with the induc- 
tor operating in the continuous mode. In this mode, the 
duty cycle is dependent on the ratio between input and 
output voltages; also, the input current has low switching 
frequency ripple, which means that the line noise is low. 
Furthermore, the output voltage must be higher than the 
peak value of the highest expected AC line voltage, and 
all components must be rated accordingly. 

In the control section, the UC3854 provides PWM pulses 
(GT Dry, Pin 16) to the power MOSFET gate. The duty 


Mult Out 
pA 100 











cycle of this output is simultaneously controlled by four 
separate inputs to the chip: 


INPUT PIN # FUNCTION. 
VSENSE .....sssssteseceerteeeee TT cesseeeeees OutPut DC Voltage 
IAC. ltsetteseasseeeaes Oesseeeerees LANEVOltage Waveform 
ISENSE/Mult Out... w 4/5...........Line Current 
VMS .ussescsecsscecscetstsseses Gerssseeeeee RMS Line Voltage 


Additional controls of an auxiliary nature are provided. 
They are intended to protect the switching power MOS- 
FETS from certain transient conditions, as follows: 


INPUT PIN # FUNCTION 
ENA..........ccccssssereeeeeee 10........... Start-Up Delay 
SS wiccccccsccssescssscessessesse PGessseeseeese OOft Start 
PKLIM .........ccsscccseseccrsee Qessseeeeeee Maximum Current Limit 
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APPLICATIONS INFORMATION (cont,) 


PROTECTION INPUTS 

ENA (Enable): The ENA input must reach 2.5 volts before 
the REF and GT Drv outputs are enabled. This provides a 
means to shut down the gate in case of trouble, or to add 
a time delay at power up. A hysteresis gap of 200mV is 
provided at this terminal to prevent erratic operation. Un- 
dervoitage protection is provided directly at pin 15, where 
the on/off thresholds are 16V and 10V. If the ENA input is 
unused, it should be pulled up to Vcc through a current 
limiting resistor of 100k. - 


SS (Soft start): The voltage at pin 13 (SS) can reduce 
the reference voltage used by the error amplifier to regu- 
late the output DC voltage. With pin 13 open, the refer- 
ence voltage is typically 7.5V. An internal current source 
delivers approximately -14y.A from pin 13. Thus a capaci- 
tor connected between that pin and ground will charge 
linearly from zero to 7.5V in 0.54C seconds, with C ex- 
pressed in microfarads. 


PKLIM (Peak current limit): Use pin 2 to establish the 
highest value of current to be controlled by the power 
MOSFET. With the resistor divider values shown in Figure 
1, the 0.0V threshold at pin 2 is reached when the voltage 
drop across the 0.25 ohm current sense resistor is 
7.5V*2k/10k=1.5V, corresponding to 6A. A bypass capaci- 
tor from pin 2 to ground is recommended to filter out very 
high frequency noise. 


CONTROL INPUTS | 

VSENSE (Output DC voltage sense): The threshold voltage 
for the VSENSE input is 7.5V and the input bias current is 
typically 50nA. The values shown in Figure 1 are for an 
output voltage of 400V DC. In this circuit, the voltage am- 
plifier operates with a constant low frequency gain for 
minimum output excursions. The 47nF feedback capacitor 
places a 15Hz pole in the voltage loop that prevents 
120Hz ripple from propagating to the input current. ~~ 


lac (Line waveform): In order to force the line current 
waveshape to follow the line voltage, a sample of the 
power line voltage in waveform is introduced at pin 6. This 
signal is multiplied by the output of the voltage amplifier in 
the internal multiplier to generate a reference signal for 
the current control loop. 

This input is not a voltage, but a current (hence IAc). It is 
set up by the 220k and 910k resistive divider (see Figure 


1). The voltage at pin 6 is internally held at: 6V, and the. 


two resistors are chosen so that the current flowing into 
pin 6 varies from zero (at each zero crossing) to about 
400pA at the peak of the waveshape. The following for- 
mulas were used to calculate these resistors: 


lAcpk ao 
Aer = Fae = 220k 


(where Vpk is the peak line voltage) 
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ISENSE/Mult Out (Line current): The voltage drop across 
the 0.25 ohm current-sense resistor is applied to pins 4 
and 5 as shown. The current-sense amplifier also oper-: 
ates with high low-frequency gain, but unlike the voltage 
amplifier, it is set up to give the current-control loop a very 
wide bandwidth. This enables the line current to follow the: 
line voltage as closely as possible. In the present exam-: 
ple, this amplifier has a zero at about 500HZz, and a gain 
of about 18dB thereafter. 


VRMS (RMS line voltage): An important feature of the 
UC3854 preregulator is that it can operate with a three-to-° 
one range of input line voltages, covering everything from 
low line in the US (85VAC) to high line in Europe 
(255VAC). This is done using line feedforward, which 
keeps the input power constant with varying input voltage 
(assuming constant load power). To do this, the multiplier 
divides the line current by the square of the RMS value of 
the line voltage. The voltage applied to pin 8, proportional 
to the average of the rectified line voltage (and propor- 
tional to the RMS value), is squared in the UC3854, and. 
then used as a divisor by the multiplier block. The multi-. 
plier output, at pin 5, is a current that increases with the 
current at pin 6 and the voltage at pins 7, and decreases 
with the square of the voltage at pin 8. 


PWM FREQUENCY: The PWM oscillator frequency in 
Figure 1 is 100kHz. This value is determined by CT at pin 
14 and RSET at pin 12. RSET should be chosen first be- 
cause it affects the maximum value of IMULT according to 


the equation: 
IMULT wax = -3.78V id 


This effectively sets a maximum PWM-controlled current. 

With Rset=1 5k, 

-3.75V 
15k 


Also note that the multiplier aa a current will never ex- 
ceed twice IAC. 


With the 4k resistor from Mult Out to the 0.25 ohm current 
sense resistor, the maximum current in the current sense 
resistor will be | 


IMULT ax = = -250pA 7 


—IMuULTMax x4k 
0.250 


Having thus selected RseT, the current sense resistor, 
and the resistor from Mult Out to the current sense resis- 
tor, calculate CT for the desired PWM oscillator frequency 
from the equation 


Imax = =—-4A 


1.25 


i Fx Reser | 


UC1854 

UC2854 

UC3854 
FIGURE 1 - Typical Application 


This diagram depicts a complete 250 Watt Preregulator. At full load, this preregulator will exhibit a power factor of 0.99 
at any power line voltage between 80 and 260 Vrms. This same circuit can be used at higher power levels with minor 
modifications to the power stage. See Design Note 39B and Application Note U-134 for further details. 


UHV806 


7.5V 


VY |. 


ENABLE 


910k 


91k IN5820 
/\ 


O.ipF | 0.5pF 





NOTE: Boost inductor can be fabricated with ARNOLD MPP toroidal core part number A-438381-2, using a 55 tum primary and a 
13 turn secondary. 


UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 = These products contain patented circuitry and are sold under license from Pioneer Magnetics, Inc. 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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CIRCUITS 


eee UNITRODE 


Enhanced High Power Factor Preregulator 


FEATURES wh Begs 

e Controls Boost PWM to Near Unity - 
Power Factor 

e Limits Line Current Distortion To <3% 

¢ World-Wide Operation Without Switches 

° Accurate Power Limiting 


¢ Fixed Frequency Average Current Mode 
Control 


e High Bandwidth (5 mHz), Low Offset 
Current Amplifier 


¢ Integrated Current and Voltage Amp 
Output Clamps 


e Multiplier Improvements: Linearity, 
500mV VAC Offset (eliminates external 
resistor), O-5V Multout Common Mode 
Range 


¢ VREF "GOOD" Comparator 


e Faster and Improved Accuracy ENABLE 
Comparator 


¢ UVLO Threshold Options 
(16/10V / 10.5/10V) 


¢ 300A Startup Supply Current 


UVLO Turn on|UVLO Turn off 
UC1854A 
UC1854B 10.5V 


BLOCK DIAGRAM 












(A) 16V/10V 
(B) 10.5/10V 
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VA Mult © 


UC1854A/B 
UC2854A/B 
~UC3854A/B 


PRELIMINARY 
DESCRIPTION isit‘«s _ 


The UC1854A/B products are pin compatible enhanced versions of the 
UC1854. Like the UC1854, these products provide all of the functions 
necessary for active power factor corrected preregulators. The control- 
ler achieves near unity power factor by shaping the AC input line cur- | 
rent waveform to correspond to the AC input line voltage. To do this the 
UC1854A/B uses average current mode control. Average current mode 
control maintains stable, low distortion sinusoidal line current without 


the need for slope compensation, unlike peak current mode control. 
The UC1854A/B products improve upon the UC 1854 by offering a wide 


bandwidth, low offset Current Amplifier, a faster responding and im- 


proved accuracy enable comparator, a VREF "good" comparator, UVLO 
threshold options (16/1 0V for offline, 10.5/10V for startup from an auxil- 
iary 12V regulator), lower startup supply current, and an enhanced mul- 
tiply/divide circuit. New features like the amplifier output clamps, 
improved amplifier current sinking capability, and low offset VAC pin re- 
duce the external component count while improving performance. Im- 
proved common mode input range of the Multiplier output/Current Amp 
input allow the designer greater flexibility in choosing a method for cur- 
rent sensing. Unlike its predecessor, RSET controls only oscillator 


charging current and has no effect on clamping the maximum multiplier 


output current. This current is now clamped to a maximum of 2 * IAC at 
all times which simplifies the design process and provides foldback | 
power limiting during brownout and extreme low line conditions. 


—A1% 7.5V reference, fixed frequency oscillator, PWM, Voltage Ampli- 


fier with softstart, line voltage feedforward (VRMs squarer), input supply 
voltage clamp, and over current comparator round out the list of fea- 
tures. 


Available in the 16 pin N, DW, and J and 20 pin Land Q packages. 


CA PK 


Out Out LMT 


UDG-93001 
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UC2854A/B 

UC3854A/B 
ELECTRICAL Unless otherwise stated, Vcc=18V, RT=8.2k, CT=1.5nF, PKLMT=1V, VaMS=1.5V, [Ac=100pA, 


) Or 
ERIST IsENSE=OV, CA Out=4V, VA Out=3.5V, VSENSE=3V, —55° C<Ta<125 C for the UC1854A/B, 
CHARACTER Ics —40°C<Ta<85°C for the UC2854A/B, and 0°C<Ta<70°C for the UC3854A/B, and Ta=Ty. 








| PARAMETER | = TesTCONDmionS — | MIN, | TYP | MAX | UNITS _ 
| SupplyCurrent,Of CAO, VAO= OV, Vec=uvLO-oav_ | | 250 | 400 | A 
| SupplyCurent,On | ttm 
Vec Turn-On Threshold uctas4a tts | 
ucrasaB Tt | 08 | 
Voc Turn-Off Threshold uctesaa/B | tT 
| VecClamp (Vcc) = Iec(on) + SA ae ee ee ee 
|_InputOfsetVoitage | 
| VsenseBiasCurent =| | 800 | -25 | 50 |__| 
| OpentoopGain ss |Vour=2tosv, || ts |_| 
| VourHigh LOAD = 500A ars Ee a 
| VourLow ton = 500A | | 
| Output Short Circuit Current |Vour=oV_ Tt | Tm 
| Gain Bandwidth Product [Fin =100kHz,10mVp-p, (Note1) | | st | Tm 
[CURRENTAMPLIFIER | 
|_InputOffsetVottage ss Vem=25V 0 me 
|_InputBiasCurrent(sense) ss |Vom=25V— | 800 || S| 500 
| OpenLoopGain ss (VeM=2.5V,Vour=2t06v | 8 | tt | 
| VourHigh ftom = 800A 
| VourLow CILOAD = 50" | || 
| Output Short Circuit Current Vour=OV_ || 
| CommonModeRange | 
| Gain Bandwidth Product | Fin=100kHz,10mVp-p, (Note) = | 3 | | mz 
5 {| | 5 | mv 
| Line Regulation Vcc = 12 to 18V -o | | tom 
| Short Circuit Current | Ver = OV | 25 | 5 || mA 
| Initial Accuracy Tasos || tH 
| Voltage Stability Voce tatotay, tT | 
| Total Variation Line, Temp, tt] | 10k 
| RampAmplitude(pp) | | tw 
| RampValleyvottage | TT at | 
| EnableThreshold =| Tes |r 
| EnableHysteresis ss [Vraur=25V | | 00S], 00st mv 
| Propagation Delayto Disable _—[Enable overdrive=-100mv, (Note1) | || 300, «| S| 
| SSCharge Current | VsoF START = 2.5V ee ee ee ee 
| PKLMTOffsetvottage | | to | tT 
| PKLMT Input Current |Veur=-0.1v | 200 | -100 | | A 
| PKLMT Propagation Delay | (Note 1) Pt to | tts 
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UC2854A/B 

| UC3854A/B 
ELECTRICAL _ Unless otherwise stated, Vcc=18V, RT=8.2k, CT=1.5nF, PKLMT=1V, VAMS=1.5V, lAc=100pA, . 


, ISENSE=0V, CA Out=4V, VA Out=3.5V, VsENSE=3V, —55°C<Ta<125°C for the UC1854A/B, 
CHARACTERISTICS (co nt.) —40°C<Ta<85°C for the UC2854A/B, and 0°C<Ta<70°C for the UC3854A/B, and TA=Ty. 


[PaRamereR | TesTconpmions ss |_somin, | typ | max | unr | 


MULTIPLIER | 
| Output Current-lac Limited [lac=100yA,Vams=1V_ | 220 | -200 | 180 | WA 
| OutputCurrent-Zero Ss lac=OpA | 20 | 02 | 0 | 



















| 220 | -200 | -180 | pA 
Output Current = ives = 1.5V, Va = 2V a ee eee ee 
. Vas = 1.5V, Va = 5V a ee eee ee ee 
Vams=5V,Va=2v 0 | || 
VaMs = 5V, Va = 5V ee a ee ee ee 
| GainConstant == si(Noto 2) eC —“‘iL«Ctt's«=SO@Y|s SC -t.0 | 09 | AA __ 
GATE DRIVER ; 
| OutputHigh Voltage sour =-200mA,Vec=15v | S12 S| 128 | 
) CpinlewVohage lst boomA tt} aa tv 
| | lour=10mA_ tt CidEC“C SCT 80-—«|_—s 500s] ss mv 
| OutputLow (UVLO) ——slour=50mA,Veo= OV] | 46 | 
| Output Rise /FallTime Ss [CLloap= nF, (Note1) | 
| OutputPeak Current CLoaD = 10nF,(Note1) = | 


Note 1: Guaranteed by design, not 100% tested in production. 


Note 2: Gain constant (K) = esata esa eal where 1.5V s VAMS s 5V. 
VAaMs “ x IMO . 


UNITRODE INTEGRATED CIRCUITS . 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 


TEL. (603) 424-2410 « FAX (603) 424-3460 These products contain patented circuitry and are sold under license from Pioneer Magnetics, Inc. 
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UC1856 
UC2856 
UC3856 


Improved Current Mode PWM Controller 


FEATURES 


Pin for pin compatible with 
the UC1846 


65ns typical delay from shutdown to 
outputs, and 5Ons typical delay from 
sync to outputs. 


Improved current sense amplifier 
with reduced noise sensitivity. 


Differential current sense 
with 3V common mode range. 


Trimmed oscillator discharge current 
for accurate deadband control. 


Accurate 1V shutdown threshold. 


High current dual totem pole 
outputs (1.5A peak). 


TTL compatible oscillator 
sync pin thresholds. 


4kV ESD protection. 


BLOCK DIAGRAM 


VIN 
SYNC 


Ar 
Cr 


ok —_ 
Oo on 


OSC 


> 


(-)CUR 
SENSE 
(+)CUR 
SENSE 


a} te 


> 


[\ ) 0.5mA 


0.5V 


ni [5 }-——— 
inv [6 ——— 


COMP 


12/92 


DESCRIPTION 


The UC1856 is a high performance version of the popular UC 1846 series of 
current mode controllers, and is intended for both design upgrades and new 
applications where speed and accuracy are important. All input to output 
delays have been minimized, and the Current Sense output is slew rate limited 
to reduce noise sensitivity. Fast 1.5 amp peak output stages have been added 
to allow rapid switching of power FET’s. 


A low impedance TTL compatible sync output has been implemented with a 
tri-state function when used as a sync input. 


Internal chip grounding has been improved to minimize internal “noise” caused 
when driving large capacitive loads. This, in conjunction with the improved 
differential current sense amplifier results in enhanced noise immunity. 


Other features include a trimmed oscillator current (8%) foraccurate frequency 


and dead time control; a 1 volt, 5% shutdown threshold; and 4kKV minimum 
ESD protection on all pins. 


5.1V 
REFERENCE VREF 
REGULATOR 


UV 
LOCKOUT Yo 
FF 
=] mn 44] OUTPUTA 


$F Ls 
s jis a ahs OUTPUT B 
: GND 


CURRENT LIMIT 
1] AdgusT 
4 6] SHUTDOWN 


6K 


~— 
pS 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


SUDOIV VONAGe (PIN 19) nozrcssccrcec oh cee sen fo tecs cer nisaar anecd eavatientulacerneceooenoaeesons +40V 
Collector Supply Voltage (Pin 13) ......... i ee cecssessseeececeeceesenssnseceecececeeseesesssnneneeesoeess +40V 
Output Current, Source or Sink (Pins 11, 14) 

areata ach sacra ae seasaeusnn clad a Staley eden econ ceasaiaved gee tee ane: 0.5A 

PISO (0 SiS ss le sateen iene cites a aulut Aime tanls Gloinub tanec) aaa Lenieinet 2.0A 
Error Amp inputs (PINS 5,6) socicxinceees dates ccsesndeleceseasoaatsqasaseots agen avetons astacnaiens —0.3V to +V,,, 
Shuteown IMput (Pin 1G) cicawekcisscssivcseccscawteees Vice aaceaiatisposteletesiuewueescientivetcoiees -0.3V to +10V 
Current Sense Inputs (PINS 3,4) .0....... cee eccsseccesseseesssecsseseessseecsseceeseeesensnaeees —0.3V to +3V 
Sync Output Current (Pi 10) oo. eee ceeeeeeenstcerceeesseeesesseeeeenseeeees rr ree +10mA 
Error Amplifier Output Current (Pin 7) .........c:cccessssessesecessseseescssssssessesscseeseseeeesseneces —5mA 
Soft Stait Sink Curent (Pi 1): caiadeos colscccussncsscdlcciiags) Aucaasuncnavesteatusnacssdesnececeeseaceieorsessesos 50mA 
Oscillator Charging Current (Pin 9).................. isda thus lanientani a aeuttacasaneed auaad oseese tena toate 5mA 
Power Dissipation at T, = 25°C (Note 2)..............ce aainiuenlades Aa ecOsGucuiencarnacanseee 1000mW 
Power Dissipation at T, = 25°C (Note 2) ........ ce cssecsesteeseessesseensesnecseeesssenneesaeees 2000mW 
Storage Temperature Range .............ccecessscecsssseeceecssecesceeeececesaceeteeeaeers —65°C to +150°C 
Lead Temperature (soldering, 10 SECONS) ........... ee ecccceseeeteneeceecetececeesseesteeanaaees +300°C 


Note: 1. All voltages are with respect to Ground, Pin 12. 
Currents are positive into, negative out of the specified terminal. 
Pin numbers and thermal ratings refer to the DIL-16 Package. - 
Note: 2. Consult packaging section of databook for thermal limitations and 
considerations of package. 


CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) SOIC-16 (TOP VIEW) 
J or N PACKAGE | DW PACKAGE 











Current Limit/ 


Soft Start 16] Shutdown 
" ‘ t : * 
VREF 15} Vin curgit Stan 
(—) Current Sense Output B VREF 


13} Ve (+) Current Sense 
(+) Error Amp [5 | 12] Ground | | (+) Error Amp 
(-) Error Amp 


(—) Current Sense 
(+) Current Sense 





(—) Error Amp [6 | 1} Output A 
Compensation 
Compensation Sync Cr 
Cr([8. [9] Ry 
PLCC-Q PACKAGE (TOP VIEW) | - OTHER PACKAGES AVAILABLE: 
1-N/C 20 - Shutdown gil a 
2 - Current Limit/Soft Start 19 - Vin 
3 - VREF 18 - Output B 
4 - (—) Current Sense 17-V 
5 - (+) Current Sense 16 - N/C 
6-N/C a 15 - Ground 
7 - (+) Error Amp — 14- Output A 
8 - (—) Error Amp Soe Tiere 13 - SYNC 
9 - Compensation 12-Rry 
10-Cr 11-N/C 
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UC1856 
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UC3856 


Shutdown 


__Vo 


Ground 
Output A 
Sync 

Ry 


ELECTRICAL CHARATERISTICS (Unless otherwise stated, these specifications apply for T, = — 55°C to +125°C for UC1856 
UC1856; — 40°C to +85°C for the UC2856; and 0°C to +70°C for the UC3856, V,, =15V, Raf OK, C,=1nF) T,=T,, PinNo.’s UC2856 
Refer to DIL Package. UC3856 
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PARAMETER TEST CONDITIONS UNITS 


Cc 
m3 
< 
Ua 
o> 
Cc 
© 
o) 
oO 
o1 
o> 


3 
E 
> 
x< 
+ 
< 
U 
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Reference Section 

Output Voltage Tj=25°C, lo=1mA 5.05 5.10 
Line Regulation Vin=8 to 40V 

Load Regulation lo=-1mA to -10mA 


Peas, 

en eee 
Line, Load, and Temperature } 5.00 | 

ae ee 

ae ee 





3/< 
< 


nN on 
a — 
3) 


3 
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Total Output Variation 
Output Noise Voltage 
Long Term Stability 
Short Circuit Current 
Oscillator Section 


< 


10Hz<f<10KHz, Tj=25°C 
Tj=125°C, 1000Hrs (Note 2) 


Vret=0V “35 | 45 | 08 | 
Tease [yao [ 200 [220 


Over Operating Range 
Vin= 8 to 40V FT 
Tj=25°C, Vpin8=2V_ | 7.5 | 8.0 | 


Vpin8=2V 
Sync Output High Level lo=-1MA 
Sync Output Low Level bn 
Sync Input High Level 
Sync Input Low Level 


b 
a 
On on 
; on 
ala a 
(o) 
3 
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KHz 
KHz 


_ 
© 
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Initial Accuracy 


Voltage Stability 
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NJ 
(7) 
N 
w 
co) 
ead 
N 
(o) 


P= 2 dh (ihe 
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nm] nN On 
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A 


Discharge Current A 


6.7 8.0 : 


lo=+1MA 0.4 


Pin 8=0V, Pin 9=Vret 


Pin 8=0V, Pin 9=Vref 
Pin 8=0V, Pin 9=Vref 
Vsync=5V 

Pin 8=0V, Pin 9=Vref 
Vsync=0.8V to 2V 


= 
cm=2V ae 
aa 
Es 
EO 3 
| 80 | 
She! 


ee (sel Weta 
a} hol o 
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Balai | 


~~ 
© 


Sync Input Current 


onk 
oO . 


Cad 
(2) 
Oo 


Sync Delay to Outputs 


or ‘ok 
o or 


Error Amp Section 
Input Offset Voltage 
Input Bias Current 


< 
=| 
< 


=) 
> 


Input Offset Current — 
Common Mode Range 
Open Loop Gain 


s 
rc 
rh 


. a/-|s 
c 
> 


Vin=8 to 40V 


Vo=1.2 to 3V 100 


™ nN NO 
on ro iS 


aif < 
wo | = 
no 
Oo; Te io = 
NUL oO o1s ou 


a 
Unity Gain Bandwidth Tj=25°C } 1 | MHz 
CMRR Vem=0 to 38V, Vin=40V 100 | 
PSRR Vin=8 to 40V | 80 | 100 | | 80 | eel 
([Loctout Sink Curent | Ve 15m, Von7=T V8 [10 | [ra 
| Output Source Current -0.4 =0.5 | —0.4 fo A 
Output High Level Vid=50mV, Ri (pin 7)=15K 
Output Low Level Vid=-50mV, Rx (pin 7)=15K ro Or ot 


Current Sense Amplifier Section 
Vpin3=0V, Pint Open (Notes 3,4)f 2.5 2.75 3.0 
Pin 1 Open (Note 3) 

R, (pin 7)=15K 

Vpin1=0.5V 

Pin7 Open (Note 3) 

CMRR Vem= 0 to 3V 

PSRR Vin= 8 to 40V 

Input Bias Current Vpin1=0.5V, Pin 7 Open (Note 3) 
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Amplifier Gain — 
Maximum Differential 
Input Signal (Vpin4—Vpin3) 


Input Offset Voltage mV 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = — 55°C to +125°C for UC 1856 
UC1856; — 40°C to +85°C for the UC2856; and 0°C to +70°C for the UC3856, V,, =15V, R.=10K, C.=InF) T,=T, Pin No.'s UC2856 
Refer to DIL Package. — UC3856 


UC1856 
UC2856 


UC3856 UNITS 


MAX 


PARAMETER TEST CONDITIONS 








Current Sense Amplifier Section (Continued) 


input Offset Current Vpini=0.5V, Pin 7 Open (Note 3) 
Input Common Mode Range 
| Vpin5=Vref, Pin6=0V 

| Pind -Pind=0to 1.5V 
Current. Limit Adjust Section 

Vpin3=0V 

Vpin4=0V, Pin7=Open (Note 3) 
Input Bias Current Vpin5=Vref, Vpin6=0V 
Shutdown Terminal Section 

Threshold Voltage 

Input Voltage Range 


3 
> 


a] 
Oo 


Delay to Outputs 1 





Current Limit Offset 


| 
ak 
o 


(ev) 

oh 

Oo 
— , ° 
—_—h, 
° 7 2} 


c 
> 


2° 
zs 
if 





| Minimum Latching 


; (Note 5) 
Current (Ipint) 


Maximum Non-Latching 


; (Note 6) 
Current (Ipin1) 


3 


Delay to Outputs 
| Output Section 


Vpin16=0 to 1.3V 





Collector-Emitter Voltage 
Off-State Bias Current 


Vc=40V | 
lout= 20mA 

lout= 200mA 

out= — 20mA 

lout= — 200mA 

Ci= 1nF 

C1= 1nF 

Vin=0V, lout=20mA 


> 


3 


0 


on 
uo (o ] 


i | os | 
05 | 26 
5 | 13.2 | 


mae 
xn a KC 
se 
ee 
Pos pis | 


47 | so | 45 | a7 
ee ee ee 


ae Es ae 
po7 | Uy fom | 


T 
2 

1. 

Output Low Level 
3 
3 


0 

10 

5 
2 
Output High Level Pr 


Rise Time —_ 
FallTime- 
UVLO Low Saturation 


Po] 
” 


—_ 
— IN > 
Nl wn oO 
ah 


O};o 





Maximum Duty Cycle 

Minimum Duty Cycle 
Under-Voltage Lockout Section 
Start-Up Threshold 

Threshold Hysterisis 

Total Standby Current 


|e 
on 


° 
* 


° 





TSuepyCuent PT COCdSC‘idC TT 


NOTES: 





. All voltages are with respect to pin 12. 4. Amplifier gain defined as: ZAVpin7 
Currents are positive into, negative out of the specified terminal. G= ; 
Z\Vpina 
. This parameter, although guaranteed over the recommended 


operating conditions is not 100% tested in production. 5. Current into pin1 guaranteed to latch circuit into shutdown state 


Z\Vpin4=0 to 1.0V 


. Parameter measured at trip point of latch with Vpin5=Vref, Vpin6=0V. 6. Current into pin 1 guaranteed not to latch circuit into shutdown state 


5-232 


UC1856 


UC2856 
APPLICATIONS DATA UC3856 


Oscillator Circuit 


SAWTOOTH 
(PIN 8) ; 
Osc. : 
(PIN 10) 


~~ 
OUTPUT DEADTIME (7g) 


2c 
Output deadtime is determined by size of the external capacitor, C; , according to the formula: 7, fer 
8mA - =— 


For large values of Rr: 7y= 250C + R; 


2 
Oscillator frequency is approximated by the formula: fy = Ac 
ria 





Error Amp Output Configuration Error Amp Gain and Phase vs Frequency 


VREF 


¢> 0.5mA 





OPEN-LOOP VOLTAGE GAIN (dB) 


9 
a ae 


10 20 30 40 50 60 70 80 90 100 
OUTPUT LOAD RESISTANCE, Ry (K-OHMS) 


OPEN LOOP VOLTAGE GAIN (dB) 
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UC1856 

UC2856 

UC3856 
Parallel Operation 


*ln. 


oF c, . 
VeEF 3 +E/A ts SYNC COMP -E/A 


7. ‘6 
O O O 


MASTER 


OUTPUT 
FILTERS 


O @ 
7 6 = 
Vacr  +E/A SYNC COMP -E/A 


SLAVE 
(ADDITIONAL UNITS) — 


Slaving allows parallel operation of two or more 
units with equal current sharing. 





Pulse by Pulse Current Limiting 


©) 
—O : +4) = 


Ry 


7 — O 
4| CURRENT 
© @ 
Ro COMP 
| 7 
@ 


( Ro ver) 7 
Peak Current (Is) is determined by the formula: Is = \R; + Ro 
3Rs 
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UC1856 
UC2856 
UC3856 


Soft Start and Shutdown/Restart Functions 


CURRENT 
1} LIMIT 





~ ,+ 
de 
- 1.0V 


SHUTDOWN WITH AUTO-RESTART SHUTDOWN WITHOUT AUTO-RESTART (LATCHED) 


Se BING LIMIT 


SHUTDOWN 
(PIN 16) 


ON 


V; 
< 0.8mA, the shutdown latch will commutate i > 3mA, the device will latch off 


1 
when Igg= 0.8mA and a restart cycle will be initiated. until power is recycled. 


if VREF 
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UC1856 
UC2856 
UC3856 


Current Sense Amp Connections 


A small RC filter may be required in some applications to reduce switch transients. 
Differential input allows remote, noise free sensing. 





UC1856 Open Loop Test Circuit 


TIMING RESISTOR: 


SAWTOOTH 
TIMING 


FREQ. SET & Vaer (+5.1V OUTPUT) 
Pa CAPC,; O 


MAX DUTY CYCLER;, © 
+5V 
2N2222 UC1856 SHUTDOWN. 
1K 


COMP © 


SENSE 
ADJUST 


=1V PEAK 
( ) putycycte *V wna 


ADJUST lee. 


CURRENT LIMIT 1K 
ADJUST 10 TURN 


GROUND FOR 
ale NORMAL OPERATION 


-BYPASS CAPS SHOULD BE LOW ESR & ESL TYPE 
-SHORT PINS 6 & 7 FOR UNITY GAIN TESTING 


THE USE OF A GROUND PLANE IS HIGHLY RECOMMENDED 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054 
TEL 603-424-2410 + FAX 603-424-3460 
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| INTEGRATED 
CIRCUITS 


aa UNITRODE 


Resonant Mode Power Supply Controller 


FEATURES 


3MHz VFO Linear over 100:1 Range 


5MHz Error Amplifier with Controlled 
Output Swing 


Programmable One Shot Timer— 
Down to 100ns 


Precision 5V Reference 

Dual 2A Peak Totem Pole Outputs 
Programmable Output Sequence 
Programmable Under Voltage Lockout 
Very Low Start Up Current 


Programmable Fault Management & 
Restart Delay 


Uncommitted Comparator 


ABSOLUTE MAXIMUM RATINGS 


UC1860 
= & UC2860 
= = UC3860 


DESCRIPTION 


The UC1860 family of control ICs is a versatile system for resonant mode 
power supply control. This device easily implements frequency modulated 
fixed-on-time control schemes as well as a number of other power supply 
control schemes with its various dedicated and programmable features. 


The UC1860 includes a precision voltage reference, a wide-bandwidth er- 
ror amplifier, a variable frequency oscillator operable to beyond 3MHz, an 
oscillator-triggered one-shot, dual high-current totem-pole output drivers, 
and a programmable toggle flip-flop. The output mode is easily pro- 
grammed for various sequences such as A, off, B, off; A& B, off; or A, B, 
off. The error amplifier contains precision output clamps that allow pro- 
gramming of minimum and maximum frequency. 


The device also contains an uncommitted comparator, a fast comparator 
for fault sensing, programmable soft start circuitry, and a programmable 
restart delay. Hic-up style response to faults is easily achieved. In addi- 
tion, the UC1860 contains programmable under voltage lockout circuitry 
that forces the output stages low and minimizes supply current during 
start-up conditions. 


Supply Voltage (pin 19) .......... cece eee eee eee 20V Comparator Output Voltage (pin15).................. 15V 
Output Current, Source or Sink (pins 17 & 20) Soft Start or Restart Delay Sink Current (pins 22 & 23) ... SMA 
OG 4% cua ie eae oe eens ee ee esses 0.8A Power Dissipation at TA = 50°C (DIP)............... 1.25W 
Pulse:(O SiS) w.c.ci ee Aas anes Qulaic aout a mame BA 3.0A Power Dissipation at TA = 50°C (PLCC) ................ 1W 
Power Ground Voltage. ............ 00 cee ee eee ee +0.2V Lead Temperature (Soldering, 10 seconds) ........... 300°C 
Inputs (pins 1, 2, 3, 4, 8, 9, 11, 12, Note: All voltages are with respect to signal ground and all 
18; 14, 2122, 238 8 24) 5 ek ice ie ee eee -0.4 to 6V currents are positive into the specified terminal. 


Error Amp Output Current, Source or Sink (pin 5)........ 2mA 
IvFo Current (pin 7) 
Comparator Output Current (pin 15) 


BLOCK DIAGRAM 


Vec | | 
UVLO] | 


EA IN(+)(7 
EA IN(-) [7 


IvFo [| 

CvFo| | 

TRIG L! 

OSC DSBL [| 
RC [_] 

MODE {_| 
CMP IN (+) L_! 
CMP IN(-) (| 
SFT STRT L_| 
RST DLY {_| 
FLT(+) [J 
FLT(-) {| 





6/93 


Pin numbers refer to the DIP. 
Refer to Packaging Section of Databook for thermal 
limitations and considerations of packages. 


[_]EA OUT 


lic 


eS: -] OUT A 
- OUT B 

-] PGND 

— CMP OUT 


VFO 
ONE-SHOT 
a 
RC_CLR 
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CONNECTION DIAGRAM. 


DIL - 24 (TOP VIEW) 
J or N Package 


FLT(-) 
FLT (+) 
EA IN(+) 
EA IN(-) 
EA OUT 
S GND 
lvFO 
Cvro 
Re 

VREF 


CMP IN(-) 


CMP IN(+) © 


UVLO 
RST DLY 
SFT STRT 
] MODE 
OUT B 


Vcc 

P GND 
OUT A 
N/C 

CMP OUT 
OSC DSBL 
TRIG 





PLCC-28, LCC-28 


(TOP VIEW) 
QorL Package 


3= SFOaXNoOm 


43 21282726 





25 





PIN PACKAGE FUNCTION . 


N/C 
Vee 8 | ie) 
NIC 


UC1860 
UC2860 
UC3860 


FUNCTION 


ae ae 
i es i ee 


| TRIG 

| oscpsBL | 9 | 
| CMPOUT | 10_—— 
ee ee 
~ OUTA | 43 | 
| PGND | 14 
P NC OUT 15 


POUT BR. | 7 
NC 18,19 | 
| MODE | 20 
| SFTSTAT | 21 


i Yo eee 


13 

14 

16 

17 

20 
ee 
23 
rorya) 
TEAING | 26} 


EA OUT 


ELECTRICAL CHARACTERISTICS: Unless othemise stated, all specifications apply for -55°C = TA s 125°C for the 
UC1860, -25°C <= TA s 85°C for the UC2860, 0 < TAs 70°C for the UC3860, Vcc = 


PARAMETER | 


Reference Section 





*Guaranteed by design but not 100% tested. 
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Twin [we | wax _[ UNITS 


| Oupavotage fas arG.ton0 _}_495 1500 | _505_}_v__ 
lo=0,OverTemp = —“(ti‘aL 4 |CU| 857 | CVC 
| LineRegulaion = 10s Voc sOV (CdS CT CS 
| _LoadRegulaion = sdOsts10mMA— es —“<‘“‘wYSSSCdC Tm 
| QutputNoise Voltage* SS (OHzsfst0kHz | CT CO CS Vrs 
| ShortCircuit Current VRE =OV. Z —[T aso [| 15 [mA 
Error Amplifier Section a | 
| InputOffset Voltage (2B VMs V LC sCisrLRC#NN’NNNHN WV. sds | 
| InputBiasCurrent | t—“‘“CS;S*S*SSCC(*dTCsC“C(‘#*L:C“#SS_—s | 500s |__| 
| OpenLoopGain CVV t—“‘“CO™CdLC CO | C8COUU|LCCCdTs SCS 
| PSRR- ss ——“‘sé~* ccs POVE tt ( tC‘irL:SC ST 00s CS 
| OutputLow(Vo-Viveo) (O01 slosOimA Se i | BT CC Cm 
| OutputHigh (Vo-Viveo) 0S slosOSmA—“(ists—~—“‘aLS OCD | UC CT TC 
| UnityGainBandwidth® [RN tia KT TY MC 
| NominalFrequency* | —C(Cti‘“‘iL:CSC‘CN 


12V, CvFo = 330pF, IVFO = 0.5mA, C = 330pF, and R = 2.7k, TA= Ty. 


CONDITIONS 





















































UC1860 
UC2860 
UC3860 


ELECTRICAL CHARACTERISTICS: unless otherwise stated, all specifications apply for -55°C < Ta < 125°C for the 
UC1860, -25° < TA s 85°C for the UC2860, 0 s Ta = 70°C for the UC3860, Vcc = 
12V, CvFo = 330pF, IvFo = 0.5mA, C = 330pF, and R = 2.7k, TA= Ty. 


[parawerer =< ——~—=SConpimions «SIN | TP | MAX | UNTO | 


Oscillator Section (cont'd 


| TriginThreshold | tc fe te 
| TriginOpenCircuitVoltage Ss | or | to tt 
| TriginDelta(vrH-Voc) | os os or Tv 
| TrigininputResistance Ss [dV TRig=VoctownH | || kn 
| Minimum TriginPulseWidth® | ts 
| Osc.DisableThreshold | tc te ft 
ON A a IO 200. 250 ne 
IVF = 1.5mA | 28 | 37 | 46 | MHz | 
Ivro =1.5mA | 35 | 70 | 100 | ns | 


Output Stage 











j OuputLow Saturation ema __}_1_o2_/_o4_} _v_ 
200mA 0882 FV 
-200mA (tC ae ls 
| Rise/FallTimee Cs (Cuont = tnF —“(‘LSCCCdT 5S S| 80ST 
| UVLOLowSaturation ——([20mA ae ee i ae 
| OutputModeLowinput | s—“‘—s‘“s‘“<‘“<‘iw”s‘(NSC*drSC( ‘§$ENN Tt 
| OutputModeHighInput | ti(i‘C;™SCS;SCC*C CO TT 
| Wee Comparator Teshold ———fQn__{_1_{_17a_{_1as_}_v__ 
lof = i t—“‘“‘wY 8d fl tos | te 
| WL Comparator Threshold fOn___}_36_1_42_|_48_}_V__ 
Hysteresis ti“(‘i;S | | lO TCU 
| UVLOInputResistance (UVLO =4Ncc=8 —“‘dl’S CO CL 88 | lO CT CKO 
| Vrer Comparator Threshold ss [Voc=UVLO=Vner CT CdS aT a | 


loc \Vec=12V,VoscDSBL=3V_ | CT S80] | mA _ 
= es ie EWA Bal 
Vec = Vcc (on) -0.3V 

|_InputOffset Voltage [0.3 sVems38V0— i“ (sts—“‘aLTSCSC*C*C#dSC U2] | 100] rw 
| Input OffsetCurrent = [Vem=OV CTC tA 
| _Propagation Delay To Output* _—|#50mVinput =  —“(ié‘iL’SC (SSCL —Ss| 150 | ns 
|_Input Offset Voltage (03 sVeMsBV CC“ CTC 0 
| InputBias Current == sVom=OV tt —“(‘“CS;SC*dSCOC(‘#’«CABQSC@L;sCQOs |J|@_—s A 
| InputOffsetCurrent = [Vom=OV CT CT 
| OutputLow Voltage = slo OMA CT | | 
|_Propagation DelayToSat* _———|*50mVinput,2.5kloadto5v— | | S50] 100 CT Sons 
| Saturation Voltage (2pins) ss isink= 100A dT CT 
| ChargeCurent@2pinsy) = | ti—‘“‘CS™CSCSCC(C*dYC C2 CT 5 CT tT 
| _RestartDelayThreshold ss $s | —i“‘“‘C;;C(OCL 28 «| 30: | 32 | VL 


*Guaranteed by design but not 100% tested. 
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ERROR AMPLIFIER 


The error amplifier is a high gain, low offset, high bandwidth de- 
sign with precise limits on its output swing. The bandwidth of the 


amplifier is externally determined by the resistance seen at the 


inverting input. Unity gain bandwidth is approximately: 
_ Frequency (OdB) = 1/(2x * RIN (-) * Ccomp) 
The input common mode range of the amplifier is from 2.8 to 


4.5V. As long as one pin is within this range, the other can go as — 


low as zero. 


The output swing with respect to the IvFo pin is limited from zero 
to 2V. Note that pulling Sft Strt (soft start) low will lower the ref- 
erence of the upper clamp. The lower clamp, however, will 
dominate should the upper clamp reference drop below the 
lower reference. 


Error Amplifier Frequency Response 
-90 


an = RS OS NO | 


Ui Lt 
mae oti 4 
Ett a a a a | Oe | 
a 


-120 


HH 
mma) 

KT tHHiiE —H Vis 
a | | A ee 

T eae — ttt ab — 
SS Con Tri. 
ST Hi 4 ma a 
= pat 
Yd 
| 
T | 
|_| 


NY 

‘a 

a 

2 ae,. Sim 

i SPSS ii 

Lite NSN AY aoulione 

i S.J = 88! | 

= Hit WAS SS 

at Ses f 
Pr TTT SIS 

m as a a 

mwah Ay, Si 

Ss Oa | PS 


AO | A (4+ | 
Sf Sena = 


0.010.030.1031 3 10 20 
F (MHz) 


Tis: 


-150 


PA 
=e: 2 A 


HLA 
Phase Shift (°) 


-180 


-210 


UNDER VOLTAGE LOCKOUT SECTION 


The under voltage lockout consists of three comparators that 
monitor Vcc, UVLO and VrRer. The VREF comparator makes 
sure that the reference voltage is sufficiently high before op- 
eration begins. When the UVLO comparator is low, the outputs 
are driven low, the fault latch is reset, the soft start pin is dis- 
charged, and the toggle flip-flop is loaded for output A. 


INTERNAL 
RUN/STOP 


START/STOP 


UC1860 
UC2860 
UC3860 


A Vi0 vs VOUT | 


0 1 2 
V(EV/A OUT ) - VivFo) (V) 


AVi10 (mV) 


The Vcc comparator i is used for off-line applications by leaving 
the UVLO pin open. In this application the supply current is 
typically less than 0.3mA during start-up. 


The UVLO comparator is used for DC to DC applications or to 
gate the chip on and off. To utilize its hysteretic threshold by an 
external resistive divider, the internal impedance of the pin 
must be accounted for. To run from a 5V external supply, 
UVLO, Vcc, and VreEF are tied together. 


Icc vs Vcc 


Be ae UVLO=OPEN 


ONTODONTOVOS 


Ts y= al 


Vcc (V) 
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VARIABLE FREQUENCY OSCILLATOR 


The VFO block is controlled through 4 pins: CvFo, IVFo, 
Osc Dsbl (oscillator disable), and Trig (trigger input). Os- 
cillator frequency is approximately: 


Frequency = IVFO/(CvFo * 1V) 


With a fixed capacitor and low voltage applied to Trig and 
Osc Dsbl, frequency is linearly modulated by varying the 
current into the IVFo pin. 


The Trig and Osc Dsbl inputs are used to modify VFO op- 
eration. If Osc Dsbl is held high, the oscillator will com- 
plete the current cycle but wait until Osc Dsbl is returned 
low to initiate a new cycle. If a pulse is applied to Trig dur- 
ing a cycle, the oscillator will immediately initiate a new 
cycle. Osc Dsbl has priority over Trig, but if a trigger pulse 
is received while Osc Dsbl is high, the VFO will remember 
the trigger pulse and start a new cycle as soon as Osc 
Dsbl goes low. 


OSC DSBLIT 
TRIG 


il 


se: ee 
ino 


CvFo 
a BB 
C)—O 


IvFO 


Re 


Maximum Frequency vs R 


300 _ 
oon 
30n FO 

= ee 10. bes 
an = 
BEC = 1ONF = SaeH 3p 
1p ay? 
300n © 
100n 


5 He 
ama 


Maximum Frequency (Hz) 


K 
3 5 10 203050 100 3.5 


R (kqQ) 


On Time vs R 


10 203050 100 
R (ka) 


UC1860 
UC2860 
UC3860 


Normally low trigger pulses are used to synchronize the 
oscillator to a faster clock. Normally high trigger pulses 
can also be used to synchronize to a slower clock. 


ONE SHOT TIMER 


The one shot timer performs three functions and is pro- 
grammed by the RC pin. The first function is to control 
output driver pulse width. Secondly, it clocks the toggle 
flip-flop. Thirdly, it establishes the maximum allowable fre- 
quency for the VFO. One shot operation is initiated at the 
beginning of each oscillator cycle. The RC pin, pro- 
grammed by an external resistor and capacitor to ground, 
is charged to approximately 4.3V and then allowed to dis- 
charge. The lower threshold is approximately 80% of the 
peak. On time is approximately: 


tion) =0.2*R*C. 


After crossing the lower threshold, the resistor continues 
to discharge the capacitor to approximately 3V, where it 
waits for the next oscillator cycle. 


THRESHOLD 


VFO Frequency vs IVFO 


Frequency (kHz) 


10 30 
IVFO (nA) 


100 300 1000 
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SFT STRT 


i Beas 


RST DLY 
1! 


a 


FLT (+)L J 
FLT (-)L_| 


FAULT MANAGEMENT SECTION 


During UVLO, the fault management section is initialized. 
The latch is reset, and both Sft Sitrt (soft start) and Rst Dly 
(restart delay) are pulled low. When Sft Strt is low, it low- 
ers the upper clamp of the error amplifier. As Sft Strt in- 
creases in voltage, the upper clamp increases from a 
value equal to the lower clamp until it is 2V more positive. 
A capacitor to ground from the Sft Strt pin will control the 
start rate. 


UNCOMMITTED COMPARATOR 


The uncommitted comparator, biased from the reference 
voltage, operates independently from the rest of the chip. 
The open collector output is capable of sinking 2mA. The 
inputs are valid in the common mode range of -0.3 to 








UC1860 
UC2860 
UC3860 


TO ERROR AMP 
HIGH CLAMP 


TO 
ONE SHOT 
CLR 





3.0V. As long as one of the inputs is within this range, the 
other can be as high as 5V. 


The high speed fault comparator will work over the input 
common mode range of -0.3 to 3.0V. When a fault is 
sensed, the one shot is immediately terminated, Sft Strt is 
pulled low, and Rst Dly is allowed to go high. Three 
modes of fault disposition can easily be implemented. If 
Rst Dly is externally held low, then a detected fault will 
shut the chip down permanently. If the Rst Dly pin is left 
Open, a fault will simply cause an interruption of opera- 
tion. If a capacitor is connected from Rst Dly to ground, 
then hic-up operation is implemented. The hic-up time is: 


_ t (off) = 600 kohm * C(Rst Dly). 


Input Bias Current Input Voltage 


350 
300 
250 
200 
150 
100 
50 


0 i 
SER888888 





Input Bias Current (yA) 





Input Voltage (mV) 
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10) ‘clack 
mie 
ERROR 
3 | 


ep 


lvFO 
VFO 


oe 
seer tt: 


13 | 
osc-t°§s3 Ra} OSC DSBL : 


DSBL ING 





UNCOMMITTED = 
COMPARATOR 


ONE 
SHOT 


UC1860 
UC2860 
UC3860 


Vec 
Wo | water IAF 
P GNOLES ssc 


UVLO 


A 
OUT A 
eS 173 p 
2.20 1nF = 


OUT B 2.20 1nF 
> [20] [-—1p 
TOGGLE 


OUT 


RST DLY(23] 


1 
SFT STRT{2a}4}— _ é 


< [TR Sosuct 3 
FAULT “ups nee” Oe EL 
1K oe 


COMPARATOR heal 


NOTE: PIN NUMBERS REFER TO THE DIP 


OPEN LOOP LABORATORY TEST FIXTURE 


The open loop laboratory test fixture is designed to allow 
familiarization with the operating characteristics of the 
UC3860. Note the pin numbers apply to the DIP. 


To get started, preset all the options as follows: 
Adjust the error amplifier variable resistor pot (R1) 
so the wiper is at a high potential. 

Open the IvFo resistor switch ($1). 
Throw the Trig switch (S2) to ground. 
Throw the Osc Dsbl switch (S3) to ground. 


Throw the uncommitted comparator switch ($4) to 
ground. 


Throw the UVLO switch (S5) to the resistive divider. 
Throw the Out Mode switch (S6) to ground. 
Open the restart delay switch (S7). 
Throw the fault switch (S8)to ground. 
In this configuration, the chip will operate for Vcc greater 


than 12V. Adjustment of the following controls allows ex- 
amination of specific features. 


R1 adjusts the output of the error amp. Notice the voltage 
at pin 5 is limited from 0 to 2V above the voltage at pin 7. 


S1 changes the error amp output to VFO gain. With S1 
open, the maximum frequency is determined by the error 
amp output. With S1 closed, the one shot will set the 
maximum frequency. 


$2 demonstrates the trigger. An external trigger signal 





may be applied. When the switch is set to the resistive di- 
vider, the chip will operate in consecutive mode (ie: A,B, 
Off,...) 


$3 allows input of an external logic signal to disable the 
oscillator. 


$4 demonstrates the uncommitted comparator. When set 
to output A, the comparator will accelerate the discharge 
of pin 9, shortening the output pulse. 


S5 shorted to ground will disable the chip and the outputs 
will be low. If the switch is open, the Vcc start and stop 
thresholds are 17 and 10V. Switched to the resistive di- 
vider, the thresholds are approximately 12 and 10V. 


S6 sets the mode of the toggle flip-flop. When grounded, 
the outputs operate alternately. Switched to 5V, the out- 
puts switch in unison. (Note: If S6 and S2 are set for uni- 
son operation and triggered consecutive outputs, the chip 
will free run at the maximum frequency determined by the 
one shot.) | 7 | 


S7 open allows the chip to restart immediately after a 
fault sense has been removed. When grounded, it causes 
the chip to latch off indefinitely. This state can be reset by 
UVLO, Vcc, or opening the switch. Connected to IF pro- 
grams a hic-up delay time of 600 ms. 


$8 allows the simulation of a fault state. When flipped to 
the RC network, the comparator monitors scaled average 
voltage of output B. Adjusting frequency will cause the 
comparator to sense a ’fault’ and the chip will enter fault 
sequence. 
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OUTPUT STAGE 


The two totem pole output stages can be programmed by 
Mode to operate alternately or in unison. When Mode is 
low the outputs alternate. pang UVLO, the outputs are 
low. 


Extreme care needs to be exercised in the application of 
these outputs. Each output can source and sink transient 
currents of 2A or more and is designed for high values of 
di/dt. This dictates the use of a ground plane, shielded in- 
terconnect cables, Schottky diode clamps from the output 
pins to Pwr Gnd (power ground), and some series resis- 
tance to provide damping. Pwr Gnd should not exceed 
+0.2V from signal ground. 
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Output Rise & Fall Time vs Load Capacitance 
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BYPASS NOTE 


The reference should be bypassed with a 0.1uWF ceramic 
capacitor from the VREF pin directly to the ground plane 
near the Signal Ground pin. The timing capacitors on 
Cvro and RC should be treated likewise. Vcc, however, 
should be bypassed with a ceramic capacitor from the 
Vcc pin to the section of ground plane that is connected 
to Power Ground. Any required bulk reservoir capacitor 
should parallel this one. The two ground plane sections 
can then be joined at a single point to optimize noise re- 
jection and minimize DC drops. 


Output Saturation Voltage vs Load Current 
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EATURES 


Controls Zero Current Switched (ZCS) or 
Zero Voltage Switched (ZVS) 
Quasi-Resonant Converters 


Zero-Crossing Terminated One-Shot Timer 
Precision 1%, Soft-Started 5V Reference 
Programmable Restart Delay Following Fault 


Voltage-Controlled Oscillator (VCO) with 
Programmable Minimum and Maximum 
Frequencies from 10 kHz to 1 MHz 


~ Low Start-Up Current ( 150 uA typ.) 


Dual 1 Amp Peak FET Drivers 
UVLO Option for Off-Line or DC/DC 


Applications 

wo | ouput | ee 
1 
1 
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DESCRIPTION 
The UC1861-1868 family of ICs is optimized for the control of Zero 


Current Switched and Zero Voltage Switched quasi-resonant con- 
verters. Differences between members of this device family result 
from the various combinations of UVLO thresholds and output op- 
tions. Additionally, the one-shot pulse steering logic is configured 
to program either on-time for ZCS systems (UC1865-1868), or off- 
time for ZVS applications (UC1861-1864). 


The primary control blocks implemented include an error amplifier 
to compensate the overall system loop and to drive a voltage con- 
trolled oscillator (VCO), featuring programmable minimum and 
maximum frequencies. Triggered by the VCO, the one-shot gener- 
ates pulses of a programmed maximum width, which can be 
modulated by the Zero Detection comparator. This circuit facilitates 
"true" zero Current or voltage switching over various line, load, and 
temperature changes, and is also able to accommodate the reso- 
nant components’ initial tolerances. 


Under-Voltage Lockout is incorporated to facilitate safe starts upon 
power-up. The supply current during the under-voltage lockout pe- 
riod is typically less than 150 pA, and the outputs are actively 
forced to the low state. UVLO thresholds for the UC1861/62/65/66 
are 16.5V (ON) and 10.5V (OFF), whereas the UC1863/64/67/68 
thresholds are 8V (ON) and 7V (OFF). After Vcc exceeds the 
UVLO threshold, a 5V generator is enabled which provides bias 
for the internal circuits and up to 10mA for external usage. (contin- 
ued) 


Bias and 


Precision 





Pin numbers refer to the J and N packages. 
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A Fault comparator serves to detect fault conditions and set a latch while forcing the output drivers low. The Soft-Ref pin 
serves three functions: providing soft start, restart delay, and the internal system reference. 


DESCRIPTION (cont) 


Each device features dual 1 Amp peak totem pole output drivers for direct interface to power MOSFETS. The outputs 
are programmed to alternate in the UC1861/63/65/67 devices. The UC1862/64/66/68 outputs operate in unison alllow- 
ing a 2 Amp peak current. | Poe | 


ABSOLUTE MAXIMUM RATINGS = 
NOC ee 2 Cities oes aes shee ee eae gies nb Qe. 


Output Current, Source or Sink (Pins 11 & 14) DC....... 0.5A | | . 

Pulse (0.508) secs de adver 1.5A Note 1: All voltages are with respect to signal ground and all cur- 
Power Ground Volage.................++++++++++.40,2V rents are positive into the specified terminal. Pin numbers refer 
Inputs (Pins 2, 3, 10, &15) .......... 2... eee eee -0.4to7V to the J and N packages. | 
Error Amp Output Current..... Oe re eee ee ee -,#2mA Note 2: Consult Unitrode Integrated Circuits databook for informa- 

:: Power Dissipation’ s.0igci estes eee eene eros ee od 1W _ tion regarding thermal specifications and limitations of packages. 

Junction Temperature (Operating) ................. 150°C _ : 
Lead Temperature (Soldering, 10 seconds) ........... 300°C 
CONNNECTION DIAGRAMS 






PACKAGE PIN FUNCTION |- 












DIL-16, SOIC-16 (Top View) | PLCC-20 & LCC-20 











FUNCTION 
Jor N, DW Packages 7 (Top View) Soft Ref 
Q & L Package SV 


E/A Out 
Range 
_Cvco 


Zero 


8 
9 10 11 12 1 





Vi 1 


| NG CUT 19 
| Fat =| 20 


ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for -55°C<Tas125°C for the UC186x, 
_ . -25°CsTAs85°C for the UC286x, and 0°CsTas70°C for the UC386x, Vcc=12V, 
| Cvco=1nF, Range=7.15k, RMIN=86.6k, C=200pF, R=4.02k, and Csr=0.1pF. Ta=Ty. 


PARAMETER _ TEST CONDITIONS | | MIN. |TYP |MAX |UNITS 


Q 
‘@) 
~] 


> IZ IZ IND Zz 
O/OLR jo a < 
q 

















| Output Voltage ZV sVecs20V,-10mAslosomA ——“s—Csd| 4 | 50 | 52 | Vv 
| ShortCircuit Current [Vo=OV | | -150 | | -15 | ma _| 
Soft-Reference . . 
| RestartDelay Current [V = 2V | to | 20 | 35 | yA 
| SoftStartCurent = [V=2V | -650 | -500 | -350 | pA | 
eee 
| 1W2V.sVeo<20V,-200pAslos20~A | WS | | 5S | OV 
| Line Regulation 12 sVeos ov —“(ti‘iLSC“‘SsCSLsC 2 | 2 | mv 
| LoadRegulation =» |-200pAslos200pA— eC“ tsts*—“‘aSSCSC‘édCL:sCdt0._— |_ 30: || mv_|J| 
Error Amplifier (Note 3) , | 
|_InputOffsetVoltage ss |VeM=5V,Vo=2V,lo=0A CTs 0 | S| tt | sm 
| InputBias Current = [Vemsov, et CC‘iLC | OB || | 
| VoltageGain [Vom =5V,0.5Vs Vos37V,lo=0A =| 70 ~| 100 | | BC 
| _Power Supply Rejection Ratio [Vom =5V,Vo=2V,12V< Vecs2ov CT 70— | 100 | |] BCT 
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ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for -55°CsTas125°C for the UC186x, 
-25°CsTAs85°C for the UC286x, and 0°CsTAs70°C for the UC386x, Vcc=12V, 
Cvco=1nF, Range=7.15k, RMIN=86.6k, C=200pF, R=4.02k, and Csr=0.1pF. Ta=Tu. 


PARAMETER TEST CONDITIONS |MIN | TYP .|MAX | UNITS | 
Error Amplifier (Note 3) (cont.) 


| Common Mode Rejection Ratio |OV=s Vems6v,Vo=2v tw | too | 
| Vourtow (Mi = 100mV,1o=20~A | st | os | vv | 
| VourHigh MID = 100mV, lo=-20A Ct 8 | ee | 
| UnityGain Bandwidth (Note 4) | || Mi 


Voltage Controlled Oscillator 


oe (Error Amp) = 100mvV, Ty = 25°C | 450 | 500 | 550 | kHz | 
Vio (Error Amp)=100mV_ 5 | 575 | KH 
——- (Error Amp) = -100mV, Tu = 25°C | 45 | 50 | 55 | kHz | 
Vip (Error Amp) = -100mV | 42 | | 58 | kHz 
| ZeroComparatorVth | ts | 0.50 | 0.55 | OV 
| PropagationDelay ss i(Note#), 1280 | 200 | ns 
| Maximum Pulse Width [Vzero=tV 880 | 1000 | 1150 | ns _| 
| Mepimum'to Minimum Fuse hos OV_UOreet -owees_} 2 |_4_1 35 |__ 
Width Ratio Vzeno=Ov_Ucxse5-ucxee8 | | 8S | 7 | 
| RiseandFallTime = Cloap=tnF (Note) | || s_ 
j CMP LewSatwaion os BbmA____j_} 92 04 | 4 
lo=20omA ls | | 
| Output High Saturation ___lo = -200mA, down from Vee cae Se ee ee 
| UVLO LowSaturation ——lo=20mA ot | 
Fault Comparator 
| FauitComparatorvth | 285 | 3.00 | 3.15 | VI 
| Delayto Output | (Note 4) (Note 5) |_| 100 | 200 | ns _ 


UVLO 
Vcc Turn-on Threshold 


Vcc Turn-off Threshold 


Vcc = Vec(on) - 0.3V 
Icc Run Vio = 100mV 


Note 1: Currents are defined as positive into the pin. 


| 7 | so {| 9 | v | 
95 | 105 | 1145 | Vv | 
ae ee ee 
| | 180 | 300 | pA 
| | 25 | 32 | ma | 


Note 2: Pulse measurement techniques are used to insure that Tu = TA. 


Note 3: VID = V(NI) - V(INV): 


Note 4: This parameter is not 100% tested in production but guaranteed by design. 


Note 5: Vi = 0 to 4V tr(Vi) s 10ns 


UVLO & 5V GENERATOR (See Figure 1): When power 
is applied to the chip and Vcc is less than the upper UVLO 
threshold, Icc will be less than 300uA, the 5V generator 
will be off, and the outputs will be actively held low. 


When Vcc exceeds the upper UVLO threshold, the 5V 
generator turns on. Until the 5V pin exceeds 4.9V, the out- 
puts will still remain low. 


The 5V pin should be bypassed to signal ground with a 
0.1uF capacitor. The capacitor should have low equivalent 
series resistance and inductance. 


tod = t(Vo = 6V) - t(Vi= 3V) 


FAULT AND SOFT-REFERENCE (See Figure 1): The 
Soft-Ref pin serves three functions: system reference, re- 
start delay, and soft-start. Designed to source or sink 
200nA, this pin should be used as the input reference for 
the error amplifier circuit. This pin requires a bypass ca- 
pacitor of at least 0.1uF. This yields a minimum soft-start 
time of 1ms. 


Under-Voltage Lockout sets both the fault and restart de- 
lay latches. This holds the outputs low and discharges 
the Soft-Ref pin. After UVLO, the fault latch is reset by the 
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low voltage on the Soft-Ref pin. The reset fault latch resets — 
the delay latch and Soft-Ref charges via the 0. SmA current 
source. 


The fault pin is input to a high speed comparator with a 
threshold of 3V. In the event of a detected fault, the fault 
latch is set and the outputs are driven low. If Soft-Ref is 
above 4V, the delay latch is set. Restart delay is timed as 
Soft-Ref is discharged by 20nA. When Soft-Ref is fully dis- 
charged, the fault latch is reset if the fault input signal is 
low. The Fault pin can be used as a system shutdown pin. 


If a fault is detected during soft-start, the fault latch is set 
and the outputs are driven low. The delay latch will remain 
reset until Soft-Ref charges to 4V. This sets the delay 
latch, and restart delay is timed. Note that restart delay for 


UVLO, 5V, Fault 





Le 


Pwr Gnd 


R D 


eS ee 
-Ref 
Soft-Re Hy - 

1 . : 


209 


UC1861-1868 

UC2861-2868 

UC3861-3868 
a single fault event is longer than for recurring faults since 
Soft-Ref must be discharged from 5V instead of 4V. 
The restart delay to soft-start time ratio is 24:1 for a fault 
occurring during normal operation and 19:1 for faults oc- 
curring during  soft-start. Shorter ratios can be 
programmed down to a limit of approximately 3:1 by the 
addition of a 20kQ or larger resistor from Soft-Ref to 
ground. 


A 100k resistor from Soft-Ref to 5V will have the effect of 
permanent shut down after a fault since the internal 20nA 
current source can’t pull Soft-Ref low. This feature can be 
used to require recycling Vcc after a fault. Care must be 
taken to insure Soft-Ref is indeed low at start up, or the. 
fault latch will never be reset. 


and Soft-Ref 


Inhibit Output(s) (UVLO) 
Inhibit Output(s) (Fault) 


) s 
Delay 
neater 


(J) Sort- stata 
0 or 0.5 


Re 
Wbelay 20 


*UCx861/62/65/66 thresholds are 16.5V and 10.5V. 
UCx863/64/67/68 thresholds are 8V and 7V. 


Soft-Ref 


Output(s) 





Restart 
Delay 


eoccoemccooes MY #£=HBUY ceeres 
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Figure 1 
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Error Amp, Voltage Controlled Oscillator, and One Shot 


From 
Feedback 
and 
Reference 


One Shot Pulse 
(Resonant Time) 


UDG-92022 


Clock 
(Internal) | | | | | | 


RC vtni 


One. Shot | | | | | | 


Minimum 
Pulse 


Zero Controlled 
Pulse Pulse 


UDG-92023 


Figure 2 





Minimum oscillator frequency is set by Rmin and Cvco. 
The minimum frequency is approximately given by the 
equation: 


4.3 


ENS Rain * Cvco 
Maximum oscillator frequency is set by Rmin, Range & 
Cvco. The maximum frequency is approximately given by 
the equation: 
ree 3.3 
(Ruin || Range * Cvco 


The Error Amplifier directly controls the oscillator fre- 


quency. E/A output low corresponds to minimum frequency 
and output high corresponds to maximum frequency. At 
the end of each oscillator cycle, the RC pin is discharged 
to one diode drop above ground. At the beginning of the 
oscillator cycle, V(RC) is less than Vth1 and so the output 
of the zero detect comparator is ignored. After V(RC) ex- 
ceeds Vth1, the one shot pulse will be terminated as soon 
as the zero pin falls below 0.5V or V(RC) exceeds Vth2. 
The minimum one shot pulse width is approximately given 
by the equation: 


Tpw(min) = 0.3° Re C. 
The maximum pulse width is approximately given by: 
Tpw(max) «= 1.2° Re C. 
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UCx861, 63 © 


One Shot i 


Fault Latch -¢ 
UVLO 


The steering logic is configured on the UC1861,63 to re- 
sult in dual non-overlapping square waves at outputs A & 
B. This is suited to drive dual switch ZVS systems. 


UCx865, 67 


Fault Latch 


The steering logic is configured on the UC1865,67 to re- 
sult in alternating pulse trains at outputs A & B. This is 
suited to drive dual switch ZCS systems. 


Internal One Shot 


UCx861,63 


~ UCx862,64 








UC1861-1868 
UC2861-2868 
UC3861-3868 


UCx862, 64 


UDG-92014 
The steering logic is configured on the UC1862,64 to re- 
sult in inverted pulse trains occurring identically at both 
output pins. This is suited to drive single switch ZVS sys- 
tems. Both outputs are available to drive the same 
MOSFET gate. It is advisable to join the pins with 0.5 ohm 
resistors. 


UCx866, 68 


UDG-92016 


The steering logic is configured on the UC1866,68 to re-. 
sult in non-inverted pulse trains occurring identically at 
both output pins. This is suited to drive single switch ZCS 
systems. Both outputs are available to drive the same. 
MOSFET gate. It is advisable to join the pins with 0.5 ohm 
resistors. 


rf eee fee (cee 


Out A | | | | 
Out B | | — | | 


| . 


Out A [| | | 


UCx865,67 


UCx866,68 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


out B | | | | 


Figure 3 
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Resonant Fluorescent Lamp Driver 


FEATURES DESCRIPTION 
¢  1pA ICC when Disabled The UC1871 Family of IC’s is optimized for highly efficient fluorescent lamp 
; control. An additional PWM controller is integrated on the IC for applications re- 
EM Cone ion UEP quiring an additional supply, as in LCD displays. When disabled the IC draws 
e Zero Voltage Switched (ZVS) on only 1A, providing a true disconnect feature, which is optimum for battery 
Push-Pull Drivers powered systems. The switching frequency of all outputs are synchronized to 
ere the resonant frequency of the external passive network, which provides Zero 
e Open Lamp Detect Circuit 
i P ed Voltage Switching on the Push-Pull drivers. 


*  4.5V to 20V Operation Soft-Start and open lamp detect circuitry have been incorporated to minimize 


¢ Non-saturating Transformer component stress. An open lamp is detected on the completion of a soft-start 
Topology cycle. 
¢ Smooth 100% Duty Cycle on The Buck controller is optimized for smooth duty cycle control to 100%, while 


Buck PWM and 0% to 95% on the flyback control ensures a maximum duty cycle of 95%. 


Flyback PWM Other features include a precision 1% reference, under voltage lockout, flyback 


current limit, and accurate minimum and maximum frequency control. 


BLOCK DIAGRAM 


Push Pull 
Outputs 
N-Channel 


Buck Drive 
P-Channel 


Fo Lepyt 


Flyback 
Drive 
P-Channel! 


ISENSE siseenons 
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UC1871 


UC2871 
| ae UC3871 

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS 

Analog INDUtS .... ic. scans eee see ee bee ee eee ees +10V | eae 

ZOO DEBE co eitous be cnon ewes nets +20V PLCC-20 (Top View) 

Power Dissipation at TA = 25°C............ 0000 eae 1W Q Package 
Storage Temperature................ -65°C to +150°C | PACKAGE PIN FUNCTION | 
Lead Temperature ..... ee shaasaee “SOOLC | 

Note 1: Currents are positive into, negative out of the speci- | 

fied terminal. oe . | 
Note 2: Consult Packaging Section of Databook for thermal = | | 
limitations and considerations of package. 7 u Ve... 





DIL-18, SOIC-18 (TOP VIEW) © 


J or N, DW Package : 7 






Ve 
7 
N/C 






Flyback 
ISENSE 


Zero Detect 
8 14 | NCC 
9 10 11 12 13 
| 
| EA2Out 


Flyback ISENSE 
| DOut | 19 


| COut | 20 


— | 
& |G 





ELECTRICAL CHARACTERISTICS Unless otherwise stated, these parameters apply for Ty = -55°C to +125°C for the 
. UC1871; -25°C to +85°C for the UC2871; 0°C to +70°C for the UC3871; Vcc = 5V, 
Ve = 15V, VENABLE = 5V, CT = 1nF, Zero Det = 1V. 


PARAMETER __ | TESTCONDITIONS | MIN | TYP | MAX [UNITS 

Reference Section a 
Output Voltage — ftseerc sf 2963 | 3.000] 3.037] V_ | 
Overtemp SC 2.940 | 3.000 | 3.060 | 
Line Regulation Vec=4.75Vto18vV | 
Load Regulation | loxOto-SmA 


Oscillator Section sO ; . . 





ais 
313 






| FreeRunningFreq (Tuer || 78 | he 
| MaxSyncFrequency (Tus 160 | 200 | 240 | He | 
Vor = 1.5V | | 180 | 200 | 220 | pA | 
| Voltage Stabity | 
| Temperature Stability | a 
| ZeroDetectThreshold | id | 8 | OSE | V_ 





| _InputBiasCurrent | —C—(‘“‘SC*C*édL:C‘éCLCOA || pA 
| OpenLoopGain ss —s—“ié‘dV = tOBVE = es“ C—“‘CNCd:CS ~| 8 | | 
| Outputlow sewer —“‘“OC*LSCO+d£ CON | 2 | VV 
| Output Source Current (VA) =1.3V,Vo=2V Cs -850 | 500 | | nA | 
| OutputSink Current VEAQ=1.7V,Voz2V—C—C‘iL:«CtsT 2 || sma 
| CommonModeRange | —“(is—‘“‘(CSC*C*C#dL:C COS [Vint] V_ 

Unity Gain Bandwidth Tu=25°C (Note 4) CE Et | Mz | 
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ELECTRICAL Unless otherwise stated, these parameters apply for Tu = -55°C to +125°C for the UC1871; 
CHARACTERISTICS (cont.) -25°C to +85°C for the UC2871; 0°C to +70°C for the UC3871; Vcc = 5V, Vc = 15V, 
VENABLE = 5V, Crt = 1nF, Zero Det = 1V. 


TEST CONDITIONS | MIN | TYP | MAX |UNITS | 


| PARAMETER 


| ErrorAmpThreshold ss (Vss=aov st 8 | 8 | 7 | VI 
Vss = 2V | 10 | 20 | 40 | pA | 
[ErorAmp2Section 
[Input OffsetVoltage Vom 10 | 
| inputBiasCurent, | | | 
| InputOfisetCurent | spl 
| OpenLoopGain Vo =OSto3V | 8 | 
| OutputHigh = 100mV,Vo=av dT | | 4 | 
| Outputlow = -t00mv,Vo=2v Tt | 8 | 
| Output Source Current, VID = 100mV, Vo = 2V 350 | 500 | | pA 
Vip = -100mV, Vo = 2 | 10 | 20 | | ma | 
| CommonModeRange | av 
| UnityGain Bandwidth (Tu 25°C (Noted) | tT Mt 


Isense Section 
Threshold 
Output Section 





Output Low Level lour=0,OutputsAandB || (0.05 
lour=toma Tt | oe | 
lour=100mA 8 | 

Output High Level 147 | 149 | |v 
lour=-0mA dd 185 | 1B | 

jtour=-toomA id 2 | 5 | 
| RiseTime TH = 25°C, Cl = IF (Note 4) | | 30 | 80 | rs | 
Ty = 25°C, Cl = 1nF(Note 4) | | 30 | 8 | ns | 
| OutAandBDuyCyle | | 9 | 80 | 
| OutCMax Duty Cycle VEAT() = 1V }100 | | | 
| Out © Min DutyCycle Vet) = 2V a a ee’ 
| OutDMaxDuty Cycle | VEAR4)-Vea2¢)=100mv_ | | 982 | 86 | 
| OutD Min Duty Cycle | VEA(+)- VEAR(-) = -100mV | | ht oo | % 
| Sta-UpThreshold | id 8 | a | | 
| Hysterisis 120 | 200 | 280 | mv | 
| _InputHigh Threshold | 
| _InputiowThreshold | | 
| Input Current VENABLE = BV || ts0 | 400 | pA 
| VCC Supply Current Ve = 20V P| 8 | 14 | ma 
| VCSupplyCurrent Meso Zt | ml 
| ICC Disabled Vo = 20V, VeNABLE = OV pe te] a 


Note 3: Unless otherwise specified, all voltages are with respect to ground. 
Currents are positive into, and negative out of the specified terminal. 
Note 4: Guaranteed by design but not 100% tested in production. 
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TYPICAL APPLICATION 





+4.5V to +20V 
- 


+4.5V to +20V 
LL 


s} E/A1(-) 
ss 
C2—- 1uF : 
ct 
C3 + 0.001UF - 
Re Zero Det 
E/A 2 (+) 
E/A2(-) 


E/A 2 Out 


209 


UC1871 
UC2871 
UC3871 


C5 
T_0.047uF 


20 


LAMP Brightness 


IRFD020 C6 Control 


lel! 


0.1uF 


33p 


F 
D2 
1N914 


IRFDO20 


1:150 
(Lprimary=10uH) 


vcc 


IRFD9020 
: a4 D3 Contrast 
IN5819 -12V to -24V 


Adjust 


LCD SUPPLY 


Figure 1 


APPLICATION INFORMATION 
Figure 1 shows a complete application circuit using the 
UC3871 Resonant Fluorescent lamp and LCD driver. 


The IC provides all drive, control and housekeeping func- | 


tions to implement CCFL and LCD converters. The buck 
output voltage (transformer center-tap) provides the zero 
crossing and synchronization signal. The LCD supply 
modulator is also synchronized to the resonant tank. 


The buck modulator drives a P-channel MOSFET di- 
rectly, and operates over a 0-100% duty-cycle range. The 
modulation range includes 100%, allowing operation with 
minimal headroom. The LCD supply modulator also di- 
rectly drives a P-channel MOSFET, but it’s duty-cycle is 
limited to 95% to prevent flyback supply foldback. 


The oscillator and synchronization circuitry are shown in 
Figure 2. The oscillator is designed to synchronize over a 
3:1 frequency range. In an actual application however, 
the frequency range is only about 1.5:1. A zero detect 


comparator senses the primary center-tap voltage, gen- 
erating a synchronization pulse when the resonant wave- 
form fails to zero. The actual threshold is 0.5 voits, 
providing a small amount of anticipation to offset propa- 
gation delay. _ 


The synchronization pulse width is the time that the 4mA 

current sink takes to discharge the timing capacitor to 0.1 

volts. This pulse width sets the LCD supply modulator 

minimum off time, and also limits the minimum linear 

control range of the buck modulator. The 200pA current 
source charges the capacitor to a maximum of 3 volts. A 
comparator blanks the zero detect signal until the capaci- 

tor voltage exceeds 1 volt, preventing multiple synchroni- 

zation pulse generation and setting the maximum. 
frequency. If the capacitor voltage reaches 3 volts (a zero 

detection has not occurred) an internal. clock pulse is 

generated to limit the minimum frequency. 
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APPLICATION INFORMATION (cont. 





UC1871 
UC2871 
UC3871 


UC3871 OSCILLATOR SECTION 


Max Freq Comparator 


Zero Detect 





j Discharge Comparator 


Min Freq Comparator 


Figure 2 


A unique protection feature incorporated in the UC3871 
is the Open Lamp Detect circuit. An open lamp interrupts 
the current feedback loop and causes very high secon- 
dary voltage. Operation in this mode will usually break- 
down the transformer’s insulation, causing permanent 
damage to the converter. The open lamp detect circuit, 
shown in Figure 3 senses the lamp current feedback sig- 
nal at the error amplifiers input, and shuts down the out- 
puts if insufficient signal is present. Soft-start circuitry 
limits initial turn-on currents and blanks the open lamp 
detect signal. 


Other features are included to minimize external circuitry 


requirements. A logic level enable pin shuts down the IC, 
allowing direct connection to the battery. During shut- 
down, the IC typically draws less than 1pA. The UC3871, 
operating from 4.5V to 20V, is compatible with almost all 
battery voltages used in portable computers. Under-volt- 
age lockout circuitry disables operation until sufficient 
supply voltage is available, and a 1% voltage reference 
insures accurate operation. Both inputs to the LCD sup- 
ply error amplifier are uncommitted, allowing positive or 
negative supply loop closure without additional circuitry. 
The LCD supply modulator also incorporates cycle-by- 
cycle current limiting for added protection. 





UC1871 Open Lamp Detect Circuitry 





Low = Open Lamp 
( Disable Outputs) 


Figure 3 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 + FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


Phase Shift Resonant Controller 


FEATURES 


«Zero to 100% Duty Cycle Control 
*Programmable Output Turn-On 
Delay 


¢ Compatible with Voltage or Current 
Mode Topologies 


* Practical Operation @ Switching 
Frequencies to 1MHz 


¢ Four 2A Totem Pole Outputs 

© 10MHz Error Amplifier 

¢ Under Voltage Lockout 

+ Low Start-Up Current —150pA 

* Outputs Active Low During UVLO 
¢ Soft-Start Control 


«Latched Over-Current Comparator - 


With Full Cycle Restart 
¢ Trimmed Reference 


Device | UVLO | UVLO 
Tur-On | Tum-Off Set 


Yes 





UC1876 | 15.25V | 9.25V 
UC1877 | 10.75V | 9.25V 
UC1878 | 15.25V | 9.25V 







BLOCK DIAGRAM 


pe 16) High Speed Oscillator 


CLOCK 
SYNC 


UC1875/6/7/8 
— UC2875/6/7/8 
~ UC3875/6/7/8 





DESCRIPTION 


The UC 1875 family of integrated circuits implements control of a bridge power stage by phase-shifting the 
switching of one half-bridge with respect to the other, allowing constant frequency pulse-width modulation in 
combination with resonant, zero-voltage switching for high efficiency performance at high frequencies. This 
family of circuits may be configured to provide control in either voltage or current mode operation, with a 

separate over-current shutdown for fast fault protection. 


A programmable time delay is provided to inserta dead-time at the tum-on of each output stage. This delay, 
providing time to allow the resonant switching action, is independently controllable for each output pair (A-B, 
C-D). 


With the oscillator capable of operation at frequencies in excess of 2MHz, overall switching frequencies to 
1MHz are practical . In addition to the standard free running mode, with the CLOCK/SYNC pin, the user 
may configure these devices to accept an extemal clock synchronization signal, or may lock together up to 
5 units with the operational frequency determined by the fastest device. 


Protective features include an under-voltage lock-out which maintains all outputs in an active-low state until - 
the supply. reaches a 10.75V threshold. 1.5V hysteresis is built in for reliable; boot-strapped chip supply. 
Over-current protection is provided , and will latch the outputs in the OFF state within 70nsec of a fault. The 


current-fault circuitry implements full- oe restart operation. 


Additional features include an error amplifier with bandwidth in excess of 7MHz, a 5V reference, Evins 
for soft-starting, and flexible ramp generation and slope compensation circuitry. ; 


These devices are available i 20-pin DIP, 28-pin “bat-wing” SOIC and 28 lead power PLCC plastic pack- 
ages for operation over both 0°C to 70°C and -25°C to +85°C temperature ranges; and in hermetically 
sealed cerdip, and surface mount packages for -55°C to +125°C operation. . 


Toggle FF 


ot hale: 


Ramp Generator & 
SLOPE 18] Slope Compensation 


Over Bi Renerator Gate 
Current 
& 
Soft-Start 
Logi 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vo, Vin) ...--:..ccscsceecsescesesesseeeeesceesseseessaeaeeeteeaes 20V 
Output Current, Source or Sink 

OG seesaw toeup cae leeen as Goede bas: 0.5A 

PUISC (0. SUS) esc. Secctyuiecst tas atavedecaesciceecleaietaiad Gieledantens 3A 
Analog !/0s (Pins 1, 2, 3, 4, 5, 6, 7, 15, 16, 17, 18, 19).....-0.3 to 5.3V 
Operating Junction Temperature .................ccccccceccseeeseeeeeeeees 150°C 
Storage Temperature Range ................::cececseeerees -65°C to + 150°C 
Lead Temperature (Soldering, 10 seconds) |. ........... cece 300°C 
PACKAGE PIN FUNCTIONS 


|| PACKAGE TYPE and PIN NUMBER _| 
[Function _|20-pinN, J | 28-pin QP | 28-pin DWP | 
VREF 1 19 1 

E/A OUT (COMP) 
E/A (-) 

E/A (+) 

C/S (+) 
SOFT-START 
DELAY SET C/D 
OUT D 
OUT C 
Ve 
VIN 
PWR GND 
OUT B 
OUTA 
DELAY SET A/B 
FREQ SET 
CLOCK/SYNC 
SLOPE 
RAMP 
GND 


































UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


Note: + Pin references are to 20 pin packages. 
¢ All voltages are with respect to ground, DIL pin 20. 
* Currents are positive into, negative out of, device terminals. 
* Consult Unitrode Integrated Circuits databook for informa- 
tion regarding thermal specifications and limitations of 
packages. 


CONNECTION DIAGRAMS 


SOIC-28 (TOP VIEW) 
DWP PACKAGE 


DIL-20 (TOP VIEW) 
J or N PACKAGE 


PLCC-28 (TOP VIEW) 
QP PACKAGE 


Electrical Characteristics: Unless otherwise stated, Vc = VIN = 12V, RFREQ SET = 12kQ, CFREQ SET = 330pF, RsLoPe = 12k, CRAMP = 
200pF, C DELAY SET A-B = CDELAY SET C-D = 0.01pF, IDELAY SET A-B = IDELAY SETC-D = -SOQuA, -55°C<Ta<125°C for the UC1875/6/7/8 -25°C<Ta<85°C for 


the UC2875/6/7/8 and 0°C<TA<70°C for the UC3875/6/7/8 TA=T). 


PARAMETER 


Under-Voltage Lockout 





UC1875/UC 1877 
UC1876/UC 1878 
UC1875/UC 1877 
UC1876/UC 1878 


Start Threshold 


UVLO Hysteresis 


Supply Current 
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TEST CONDITION 


~| 
=< 
~ 


Ic Startup Vin = 8V, Vc = 20V, RSLOPE open, IDELAY =0 





UC1875/6/7/8 
UC2875/6/7/8 


UC3875/6/7/8 


Electrical Characteristics: Unless otherwise stated, Vc = VIN = 12V, RFREQ SET = 12kQ, CFREQ SET = 330pF, RSLoPE = 12kQ, CRAMP = 
200pF, CDELAY SET A-B = CDELAY SET C-D = 0.01pF, IDELAY SET A-B = IDELAY SET C-D = -500pA, -55°C<Ta<125°C for the UC1875/6/7/8, -25°C<TA<85°C 
for the UC2875/6/7/8, and 0°C<Ta<70°C for the UC3875/6/7/8, TA=Ty. . . 


Voltage Reference _ | 


Ty = + 25°C 
11<ViIN<20V 
IVREF = -10mA 


Output Voltage 
Line Regulation 


=—_ 


a 
<j< 


3 3 


Load Regulation 


Total Variation Line, Load, Temperature 
| 10Hz to 10kHz 

Long Term Stability . : Ts = 125°C, 1000 hours 
Short Circuit Current VreF = OV, Tu = 25°C 
Error Amplifier 

~ Offset Voltage 
Input Bias Current 
AVOL 
CMRR 
PSRR 
Output Sink Current 


Noise Voltage Vrms 


= 





—k 
a 


1 < Vcomp < 4V 
1.5< Vem <5.5V_ 
11 < VIN< 20V 
Vcomp=1V 


NJ 
on 


le 


0 


Oo 


Output Source Current VcomP=4V 


Output Voltage High IcomP = -0.5mA 
Output Voltage Low IcomP = 1mA 
Unity Gain BW 


Slew Rate 


—_ 
ecard, 


Pi}a/ 
Nlw/ oa 


V/sec 


PWM Comparator 


Ramp to Output Delay — nsec 


[Rene wOupideay CdS 


Oscillator. 





Tu = 25° 

11 < VIN < 20V 

Line, Temperature 
Ty = 25°C 

Ty = 25°C 

Ty = 26°C 
RCLOCK/SYNC = 3.9kQ 


Initial Accuracy 

Voltage Stability — 

Total Variation 

Sync Pin Threshold | 
Clock OutPeak 

Clock Out Low. , 
Clock Out Pulse Width 
Maximum Frequency RFREQSET = 5kQ 


Hz 


0.2 % 


I+ 
ye) 
° 


1.20 


oO 
eo 
oO 
iu 


~ 
00 


100 


w 
5 


= 
L 
N 


Ramp Generator/Slope Compensation 


Ramp Current, Minimum IsLOPE = 10HA, VFREQ SET = VREF 


—_ 


Ramp Current, Maximum SLOPE = 1mA, VFREQ SET = VREF 


Ramp Valley 


Ramp Peak - Clamping Level RrrReaset=100kKQ | 


@ 
© 
2 


Current Limit 


Input Bias VC/S+ = 3V 


' 
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UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


Electrical Characteristics: Unless otherwise stated, Vc = VIN = 12V, RFREQ SET = 12k, CFREQ SET = 330pF, RsLope = 12kQ, CRAMP = 
200pF, CDELAY SET A-B = CDELAY SET C-0 = 0.01p1F, IDELAY SET A-B = IDELAY SET C-D = -S00nA, -55°C<TA<125°C for the UC1875/6/7/8, -25°C<TA<85°C for 
the UC2875/6/7/8, and 0°C<Ta<70°C for the UC3875/6/7/8, TA=Ty. 


[_PanaNETER [test conomrions [ave [wa] ons 


Current Limit (continued) 


[Threshold Voltage ts | 
|DelaytoOutptt tes nse | 


Soft-Start/Reset Delay 
Charge Current 



















Restart Threshold 


Discharge Level 








Output Drivers 


Output Low Level 
louT = 500mA 


Output High Level 
JouT = -600mA 
Delay Set (UC1875 and UC 1876 only) 


Delay Set Voltage 


re} 
Cc 
par 
il 

on 
© 
3 
> 








Delay Time 


oS 
m 
S 
< 
u 
on 
oO 
: 


Note 1: Phase shift percentage (0% = 0°, 100% = 180°) is defined as 


Out A 
Q= ee ® %, Out B 
where 6 is the phase shift, and ® and T are defined in Figure1. Out C 
At 0% phase shift, ® is the output skew. Out D 
Note 2: Delay time is defined as 
1 Duty Cycle = + 
delay = T ( — -(duty cycle)), T 
eae ical a is Period =T 
where T is defined in figure 1. TpHL(A to C) = Toy, (B to D) = © 


Note 3: Ramp offset voltage has a temperature coeffecient of about -4mV/°C. Phase Shift, Output Skew & Delay Time Definitions 
Note 4: Zero phase shift voltage has a temperature coeffecient of about -2mV/°C. FIGURE 1 


Note 5: Delay time can be programmed via resistors from the delay set pins to 
ground. Delay time _62.5x10"!2 sec, 


IDELAY 
Where IDELAY = ae The recommended range for IDELAY 
is 25nA <IDELAY <1mA 
PIN FUNCTIONAL DESCRIPTION 
GND (signal ground): Vc (output switch supply voltage): 
All voltages are measured with respect to GND. The timing capacitor, on the This pin supplies power to the output drivers and their associated bias cir- 
FREQ SET pin, any bypass capacitor on the VREF pin, bypass capacitors on cuitry. Connect Vc to a stable source above 3V for normal operation, above 
VIN and the ramp capacitor, on the RAMP pin, should be connected directly to 12V for best performance. This supply should be bypassed directly to the 
the ground plane near the signal ground pin. PWR GND pin with low ESR, low ESL capacitors. 
PWR GND (power ground): VIN (primary chip supply voltage): 
Vc should be bypassed with a ceramic capacitor from the Vc pin to the section This pin supplies power to the logic and analog circuitry on the integrated cir- 
of the ground plane that is connected to PWR GND. Any required bulk reser- cuit that is not directly associated with driving the output stages. Connect VIN 


voir capacitor should parallel this one. Power ground and signal ground may be 
joined at a single point to optimize noise rejection and minimize DC drops. 
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PIN FUNCTIONAL DESCRIPTION (CONTINUED 


to a stable source above 12V for normal operation. To ensure proper chip 
functionality, these devices will be inactive until Vin exceeds the upper under- 
voltage lockout threshold. This pin should by bypassed directly to the GND 
pin with low ESR, low ESL capacitors. 


NOTE: When Vin exceeds the UVLO threshold the supply current (lin) will 
jump from about 100uA to a current in excess of 20mA. If the UC 1875 is not 
connected to a well bypassed supply, it may immediately enter UVLO again. 


FREQ SET (oscillator frequency set pin) 
A resistor and a capacitor from FREQ SET to GND will set the oscillator fre- 
quency according to the following relationship: 


4 
RFREQSET ¢ CFREQSET 


f = 


CLOCK/SYNC (bi-directional clock and synchronization pin): 

Used as as output, this pin provides a clock signal. As an input, this pin pro- 
vides a synchronization point. In its simplest usage, multiple devices, each 
with their own local oscillator frequency, may be connected together by the 
CLOCK/SYNC pin and will synchronize on the fastest oscillator. This pin may 
also be used to synchronize the device to an extemal clock, provided the 
external signal is of higher frequency than the local oscillator. A resistor load 
may be needed on this pin to minimize the clock pulse width. 


SLOPE (set ramp slope/siope compensation): 

A resistor from this pin to Vcc will set the current used to generate the ramp. 
Connecting this resistor to the DC input line voltage will provide voltage feed- 
forward. 


RAMP (voltage ramp): 
This pin is the input to the PWM comparator. Connect a capacitor from here to 
GND. A voltage ramp is developed at this pin with a slope: 

dV sense voltage 


| at Rstope « CRAMP 


Current mode control may be achieved with a minimum amount of external cir- 


cuitry, in which case this pin provides slope compensation - see the applica- 
tions information section for further information. 

Because of the 1.3V offset between the ramp input and the PWM comparator, 
the error amplifier output voltage can not exceed the effective ramp peak volt- 
age and duty cycle clamping is easily achievable with appropriate values of 


RSLoPE and Cramp. 


E/A OUT (COMP) (Error amplifier output): 

This is is the gain stage for overall feedback control. Error amplifier output volt- 
age levels below 1 volt will force 0° phase shift. Since the error amplifier has a 
relatively low current drive capability, the output may be overridden by driving 
with a sufficiently low impedance source. 


E/A - (Error Amplifier inverting input): 
This is normally connected to the voltage divider resistors which sense the 
power supply output voltage level. 


UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


E/A+ (Error Amplifier non-inverting input): 
This is normally connected to a reference voltage used for comparison with 
the sensed power supply output voltage level at the E/A- pin. 


SOFT-START: 

SOFT-START will remain at GND as Ag as Vij is below the UVLO thresh- 
old. SOFT-START will be pulled up to about 4.8V by an intemal 9A current 
source when VIN becomes valid (assuming a non-fault condition). In the event 
of a current-fault (C/S+ voltage exceeding 2.5V), SOFT-START will be pulled 
to GND and them ramp to 4.8V. If a fault occurs during the SOFT-START 
cycle, the outputs will be immediately disabled and SOFT-START must 
charge fully prior to resetting the fault latch. 

For paralleled controllers, the SOFT-START pins may be paralled toa single 
capacitor, but the charge currents will be additive. 


C/S+ (current sense): 

The non-inverting input to the current-fault comparator whose reference is set 
internally to a fixed 2.5V (separate from VREF). When the voltage at this pin 
exceeds 2.5V the current-fault latch is set, the outputs are forced OFF anda 
SOFT-START cycle is initiated. If a constant voltage above 2.5V is applied to 
this pin the outputs are disabled from switching and held in a low state until the 
C/S+ pin is brought below 2.5V. The outputs may begin switching at 0 
degrees phase shift before the SOFT-START pin begins to rise -- this condi- 
tion will not prematurely deliver power to the load. 


OUT A-OUT D (outputs A-D): 

The outputs are 2A totem-pole drivers optimized for both MOSFET aie a 
level-shifting transformers. The outputs operate as pairs with a nominal 50% 
duty-cycle. The A-B pair is intended to drive one half-bridge in the extemal 
power stage and is syncronized with the clock waveform. The C-D pair will 
drive the other half-bridge with switching phase shifted with recpect to the A-B 
outputs. 


DELAY SET A-B, DELAY SET C-D (output delay control): 

The user programmed current flowing from these pins to GND set the tum-on 
delay for the corresponding output pair. This delay is introduced between tum- 
off of one switch and tum-on of another in the same leg of the bridge to pro- 
vide a dead time in which the resonant switching of the external power 
switches takes place. Separate delays are provided for the two half-bridges to 
accommodate differences in the resonant capacitor charging currents. 


VREF: 

This pin is an accurate 5V voltage reference. This output is capable of deliver- 
ing about 60mA to peripheral circuitry and is intemally short circuit current lim- 
ited. VREF is disabled while VIN is low enough to force the chip into UVLO. 
The circuit is also in UVLO until VREF reaches approximately 4.75V. For best 
results bypass VREF with a 0.1uF, low ESR, low ESL, capacitor to the GND 


pin. 
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UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


APPLICATIONS INFORMATION 
UNDER VOLTAGE LOCKOUT SECTION 


When power is applied to the circuit and VIN is below the upper UVLO threshold, |),y will be below 600A, the reference generator will be off, the fault 
latch is reset, the soft-start pin is discharged, and the outputs are actively held low. 


When VIN exceeds the upper UVLO threshold, the reference generator turns on. All else remains in the shut-down mode until the output of the refer- 
ence, VREF, exceeds 4.75V 















Gate Reference 


Internal 
Generator i 


Bias 





To Soft-Start Logic 


OSCILLATOR 


The high frequency oscillator may be either free-running or externally synchronized. For free-running operation, the frequency is set via an external 
resistor and capacitor to ground from the FREQ. SET pin. 


SIMPLIFIED OSCILLATOR 
SCHEMATIC 





To Logic 





4.3V 
Pred oe ie ee 
3.3V 


4.3V 





Clock/Sync 3.3V 


The CLOCK/SYNC pin of the oscillator may be used to synchronize multiple UC 1875 devices simply by connecting the CLOCK/SYNC of each UC 1875 
to the others: 
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UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


APPLICATIONS INFORMATION (CONTINUED) 
SYNCHRONIZING THE OSCILLATOR All ICs will syne to chip with 


the fastest local oscillator. 


Ry & Ry may be needed to 
keep sync pulse narrow due 


to capacitance on line. 
1875/6/7/8's ont 
J Ry & Ry may also be needed 


to properly terminate rsync 
line. 





Syncing to external TTL/CMOS 


Cik/Syne 





ICs will sync to fastest chip or TTL clock if it is higher freq. 
R & Ry may be needed for same reasons as above 


Although each UC 1875/6/7/8 has a local oscillator frequency, the group of devices will synchronize to the fastest oscillator driving the CLOCK/SYNC pin. 
This arrangement allows the synchronizing connection between ICs to be broken without any local loss of functionality. 

Synchronizing the device to an external clock signal may be accomplished with a minimum of external circuitry, as shown in the previous figure. 
Capacitive loading on the CLOCK/SYNC pin will increase the clock pulse width, and may adversely effect system performance. Therefore, a resistor to 
ground from the CLOCK/SYNC pin is optional, but may be required to offset capacitive loading on this pin. These resistors are shown in the oscillator 
schematics as R1,RN. 


DELAY BLOCKS AND OUTPUT STAGES 

In each of the output stages, transistors Q3 through Q6 form’a high-speed totem-pole driver which will source or sink more than one amp peak with a 
total delay of approximately 30 nanoseconds. To ensure a low output level prior to turn-on, transistors Q7 through Q9 form a self-biased driver to hold 
Q6 on prior to the supply reaching its turn-on threshold. This circuit is operable when the chip supply is zero. Q6 is also turned on and held low witha 
signal from the fault logic portion of the chip. : 


SIMPLIFIED OUTPUT STAGES ,,. 





Current 
Fault 


The delay providing the dead-time is accomplished with C1 which must discharge to Vth before the output can go high. The time is defined by the cur- 
rent sources, |1, which is programmed by an external resistor, RTD. The voltage on the Delay Set pins is internally regulated to 2.5V and the range of 
dead time control is from 50 to 200 nanoseconds. NOTE: There is no way to disable the delay circuity, and the delay time must be programmed. 
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UC1875/6/7/8 
UC2875/6/7/8 
UC3875/6/7/8 


APPLICATIONS INFORMATION (CONTINUED) 


OUTPUT SWITCH ORIENTATION 
The four outputs of the UC 1875/6/7/8 interace to the full bridge converter switches as shown below: 


Magnetics # 4-1206-TC-P .50 dia 


UC1875/6/7/8 





OUT C 


3 Winding Bifilar, AWG 30 Kynar Insulation 


FAULT LOGIC 

The fault control circuitry provides two forms of power shutdown: 
* Complete turn-off of all four output power stages. 
¢ Clamping the phase shift command to zero. 





Complete turn-off is ordered for an over-current fault or a low supply voltage. When the SOFT-START pin reaches its low threshold, switching is allowed 
to proceed while the phase-shift is advanced from zero to its nominal value with the time constant of the SOFT-START capacitor. 

The fault logic insures that a continuous fault will institute a low frequency “hiccup” retry oe by forcing the SOFT-START capacitor to charge through 
its full cycle between each restart attempt. 


FAULT/SOFT-START 





10.75V 


9.25V 


UVLO 


4.3V 
SV Soft-Start 


25V 
(C/S+) f\ if 


Fault 


Low 





Outputs 


Active 
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UC1875/6/7/8 


UC2875/6/7/8 
UC3875/6/7/8 
APPLICATIONS INFORMATION (CONTINUED) 
RAMP GENERATION 
The ramp generator may be configured for the following control methods: 
« Voltage Mode 
* Voltage Feedforward 
¢ Current Mode 
¢ Current Mode with Slope Compensation 
SLOPE/RAMP PINS . casey on 1. Simple voltage mode operation 
-achieved by placing RsLoPe between 


Voltage Mode Operation — Vin & SLOPE 


2. Voltage Feedforward achieved by 
placing Rstopre between supply voltage 
and slope pin of UC 1875. 


Ramp 
dV VRSLOPE 


dT RSLOPE CRAMP 








For current-mode control the ramp generator may be disabled by grounding the slope pin and using the ramp pin as a direct current sense input to the 
PWM comparator. Figure 7 shows a current-mode configuration with slope compensation. Res reconstructs the current wafeform from a current-sense 
transformer while the voltage across Cp adds a compensating ramp. Note that Res should be of a sufficiently low value to allow Cr to be fully dis- 


charged by the ramp circuitry. 


Current Mode Slope Compensation/Operation 
Added slope 
dV VRSLOPE 


——e le 
y 


Supply Voltage. - dT RSLOPE CR 





UNITRIDE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


eee UNITRODE 


Two Stage Power Factor Converter 


FEATURES 


Single Chip Solution for Power 
Factor Corrected Power Systems 


Worldwide Operation Without 
Switches 


Fixed Frequency PWM Drive for 
Both Pre- and Post- Regulators 


Low Offset Analog Multiplier/Divider 
5 MHz, Low Offset Current Amplifier 
Trimmed +6% Oscillator Frequency 

Over Voltage Fault Comparator 


Low Icc Startup Current, 650ua 
Typical 


Trimmed +1% 7.5V Reference 


Independent Maximum Multiplier 
Output Current Clamp 


15/10V, 11/10V UVLO Thresholds 


Single-Ended or Double-Ended 
Post-Regulator Output 
Configurations 


1A Totem Pole MOSFET Drivers 


BLOCK DIAGRAM 


UVLO/Startup 
Sequencing 


Soft Restart EN 
Start Delay 


Voltage 


PN Amp 
S 


: un 
pL 
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EF m Buck 
A EF 
Good : CLK Output 


A Multiplier 
Mout 
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UC1891/2/3/4 

UC2891/2/3/4 

UC3891/2/3/4 
PRELIMINARY 


DESCRIPTION 


The UC1891/2/3/4 family of power supply controller ICs combine an active 
Power Factor corrected boost pre-regulator with a Voltage mode PWM 
down converter for post regulation. Line voltage feedforward in the pre- 
regulator allows the converter to achieve near unity power factor over the 
full international range of line voltages. The post regulator is configurable 
for either single-ended or push-pull topologies providing a true single chip 
solution.for PFC power systems. 


The boost pre-regulator front end is implemented with line-compensated, 
average current mode control, for low distortion, continuous input current. 
Average current mode control accurately maintains sinusoidal line current 
without the need for slope compensation, unlike peak current mode con- 
trol. The pre-regulator employs a low offset high bandwidth current ampli- 
fier, a separate voltage amplifier, an analog multiplier/divider, 1A totem 
pole MOSFET driver, and latched overvoltage and overcurrent compara- 
tors. 


The PWM post-regulator section is configurable as either a single-ended 
or double-ended controller. APWM comparator, PWM latch, toggle FF, and 
Dual 1A totem pole MOSFET drivers are included to realize the desired 
configurations. Voltage control can be implemented through an optical 
coupler from an isolated output. 


An accurate fixed-frequency oscillator provides synchronization for both 
controllers. Restart delay and softstart circuits deliver highly predictable 
startup and fault management for the controllers. Part selectable UVLO 
thresholds provide the flexibility to start the controller from an auxiliary 
winding or a separate 12V regulator. 


Additional features include low (1mA) startup current, a 1% trimmed 7.5V 
reference, and an independent multiplier maximum output current clamp. 


These devices are available in the 28-pin QP package as well as the 24- 
pin J and 24-pin N packages. 


7.5V 
Reference 


Buck 
Output 


| 
Over | 
Voitage 
Fault 


Logic 


Boost 
PWM 
Logic 


Current 
Amp , 
CLK 


Boost 


Output 


max} [or |fea] [eno] Ler} [Rr] [xe] 
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UC1891/2/3/4 
UC2891/2/3/4 
UC3891/2/3/4 






PRODUCT SCHEDULE 


UVLO Thresholds 





Post Regulator Outputs | 


Alternating Parallel 
Max DC < 50% Max DC < 100% 


15V on, 10V off 1891 | | 18938 
ff 






11Von,10Voff | 1892 | 1894 


CONNECTION DIAGRAM 












DIL-24(TOP VIEW) PLCC-28 (TOP VIEW) 


N or J PACKAGE | QP PACKAGE 





ELECTRICAL CHARACTERISTICS: Unless specified Vcc=18V, Rt=15k, Ct=1.5nF, RIMAx=15k, PKL=1V, 
. Vams=1.5V, IVAc=100pA, VcA-=0V Cao=3V, VAo=5V, Vsns=3.0V, -55°C < TA < 
125°C for the UC189X, —40°C < TA < 85°C for the UC289X, and 0°C < Ta < 70°C 
for the UC389X, TA=Ty. | 


PARAMETER [___"testconpmons win [typ | max | UNITS 





Overall | ‘ ; 
| Supply Current,Of Cao, Vao=0V, Vec=UvLo-0sv | |S 600 = |«'1200 | pA 
| SuppyCurent,On | —“‘iYS CT | 8m 
| VccTum-on Threshold —=s—stgot, ie | | lt TC 
| VecTum-off Threshold | CC CT tT 
| VocTurn-onThreshold —s—s(teg2,te9a Tt Tt 
reese unc Tweshelg Turn-off Threshold _ Dic ee ae cet el MO ae ee 
Voltage Amplifier | 
| _InputVoltage [VAT = 3.5 eee ee ee ee 
| 500 | 25 | 500 | m __ 
| OpenLoopGain | VAuT=2 to 6 | 7 | 10 | | Bb 
| VoutHigh sto = 200A es C(t CE 
Output Short Circuit Current VAour=Ov Ct | | mA 
Gain Bandwidth Product Fin=100kKHz,1omvpp | | | me 
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UC1891/2/3/4 


UC2891/2/3/4 

UC3891/2/3/4 
ELECTRICAL Unless specified Vec=18V, Rt=15k, CT=1.5nF, RIMAx=15k, PKL=1V, 
CHARACTERISTICS (cont.): Vrms=1.5V, IVac=100uA, Vca-=0V Cao=3V, VAo=5V, VSNS=3.0V, -55°C < Ta < 


125°C for the UC189X, —40°C < TA < 85°C for the UC289X, and 0°C < TA< 70°C 
for the UC389X, TA=Ty. 


TEST CONDITIONS 


PARAMETER TYP 








| _InputOffsetvotage | et 
|_InputBiasCurrent(sense) | C—i‘LCSCBO | S| 500s] __ 
so | 10 | | B | 
| Outputswing ss fStozBV CC 
| Short Circuit Curent [CAouT = OV ee ee ae 
| PSAR Cc tQtopav CT | TTC 
| CommonModeRange | —t—‘“‘aL OS | 
| Gain Bandwidth Product |Fin=100kHz,10mVpp | 2 | 8S | mz 
Reference 

IREF = OMA 7.5 
| LoadReguiation ——iner=1totomA ||| 8 
| lineRegulation Vcc 15tossve | tT | tt | 
| ShortCircuit Current = fVner=OV || || mA_ 
| Initial Accuracy Taser TT kHz 
| Voltage Stability == [Vcc =12tovav | 
| Total Variation Line, Temp 2 ae kHz 
| RampAmplitude(p-p) | sC(‘iLC | 
| _RampValleyVoltage | Ct—(“‘iLC CO 


Fault Management 


| FaultComparatorVrd | 
| FaultComp inputBias —|Vraut=26V | | 
|_FaultPropagationDelay | | ons 
| SsChargeCurrent ss [Vsortsrant=26V | | 
| PKLimitOfisetVotage | | 
| PK Limit input Current |Veum=-0.1V 200 | 100 | pA 
| PKLimitProp.Delay | | ns 


| Output Current-lac Limited |lac=100uA,vaws=1v_— | 220 | -200 | -180 | yA | 
| Output Current-Zero ac =OpA | | 
lac = 500A | 260 | -250 | -220 | yA | 
[Output Current- Power Limited lac = 100A, Vams=1.6V,va=56v | -230 | -205 | -180 | yA | 
| Output Current lc = 100A, VAMS=1.5V,VA=2V | 55 | 45-88 
| Output Current [Ic = 100A, VaMs=1.5V,Va=5V_ | -215 | -180 | -145 | yA | 
| Output Current Ac = 100A, Vas =8V,Va=2v | 20 | 4 | A 
| Output Current IAC = 100A, Vaws=5V,Va=5v_ | 25 | 16 | 5 | WA 
| GainConstant ss [RefertoNotet | 
| Output High Clamp Voltage __|No load, Vcc = 18 to 35V 
| Output High Voltage lour=-200mA,Vec=15v_ | ot | 28 | | 
| Output LowVoltage SS our=200mA tt |e | 
[| OutputLow(UvLo) —lour=50ma,voc=ov | | ot | | 
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UC1891/2/3/4 


UC2891/2/3/4 

ce UC3891/2/3/4 
ELECTRICAL | mr: Unless specified Vcc=18V, Rt=15k, CT=1.5nF, RIMAX=15k, PKL=1V, Vams=1.5V, 
CHARACTERISTICS (cont.): IVac=100pA, Vca-=0V Cao=3V, VAO=5V, Vsns=3.0V, -55°C < Ta < 125°C for the 


UC189X, —40°C < TA < 85°C for the UC289X, and 0°C < TA < 70°C for the 
UC389X, TA=Ty. . 


[paRaMereR | TeSTCOnpmmions |_| typ | max | unrs | 


Gate Drivers A, B, C (cont.) . 


| Output RISE/FALL Time | CLOAD = 1nF ae ee aos ie ae 
Output Peak Current. __|CLoap = 10nF a a a a ar ae 
a ee ee 


Deadtime (B & C only) 
lac (VAc - 1V) 


Vams ? x IMo 
where:  IMo = Multiplier Ouput Current 
1.5V s VAMS s 5.0V 
2.0V s VAO s 5.0V 











Note 1. Gain Constant (k) = 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603)424-3460 
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- INTEGRATED 
CIRCUITS 


eee UNITRODE 


Isolated Feedback Generator 


FEATURES 
An Amplitude-Modulation 
System for Transformer 
Coupling an Isolated 
Feedback Error Signal 


e Low-Cost Alternative to 
Optical Couplers 


e Internal 1% Reference and 
Error Amplifier 


e Internal Carrier Oscillator 
Usable to 5mHz 


¢ Modulator Synchronizable to 
an External Clock 


e Loop Status Monitor 


UC1901 
UC2901 
: UC3901 


DESCRIPTION 


The UC1901 family is designed to solve many of the problems associated with clos- 
ing a feedback control loop across a voltage isolation boundary. As a stable and reli- 
able alternative to an optical coupler, these devices feature an amplitude modulation 
system which allows a loop error signal to be coupled with a small RF transformer or 
Capacitor. 


The programmable, high-frequency oscillator within the UC1901 series permits 
the use of smaller, less expensive transformers which can readily be built to meet 
the isolation requirements of today’s line-operated power systems. As an alterna- 
tive to RF operation, the external clock input to these devices allows synchroni- 
zation to a system clock or to the switching frequency of a SMPS. 


An additional feature is a status monitoring circuit which provides an active-low out- 
put when the sensed error voltage is within +10% of the reference. 


Since these devices can also be used as a DC driver for optical couplers, the bene- 
fits of 4.5 to 40V supply operation, a 1% accurate reference, and a high gain general 
purpose amplifier offer advantages even though an AC system may not be desired. 


UC1901 SIMPLIFIED SCHEMATIC 


Status 
Output 


Drivers 


Driver B 4 | 


Driver A 5 | 


7oowaly oO © [700HA 


Cr}1 


Ext. Clock 2 | 
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! 
" 150mV 


ie Amplifiers 


41 INV Input 
VIN 


Error 2k 


Amplifier 
<< N | Bae ha] Error-Amp 


Compensation 
VIN 150pA(¥) 


Modulator 


1.5 Volt 
Reference 
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~ : UC1901 


O. Hse . ; UC2901 

s he UC3901 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Input Supply Voltage, VIN. ......... 2.0... eee eee eee 40V 
Reference Output Current ............. 0. e eee -10mA | . 
Driver Output Currents ........... 0... 0. ce eee -35mA —— Note 1: Voltages are referenced to ground, Pin 7. 
Status Indicator Voltage... 0.0.0... eee eee ees 40V Currents are positive into, negative out of the specified 
Status Indicator Current................ a did wtaltslea eitick 20mA terminal. | i | 
Ext. Clock Input.......... sweat cot hari acl 40V Note 2: Consult Packaging section of Databook for thermal 
Error Amplifier Inputs ................00008. -0.5Vto+35V limitations and considerations of package. — 
Power Dissipation at TA= 25°C ...............04. 1000mW 
Power Dissipation at Tc = 25°C................44. 2000mW | 
Operating Junction Temperature ........... -55°C to +150°C PLCC-20, LCC-20 
Storage Temperature...... SeiPaucdaseuiat -65°C to +150°C —- | (TOP VIEW) FUNCTION 
Lead Temperature (Soldering, 10 seconds)........... 300°C Q, L Packages 
CONNECTION DIAGRAMS 


DIL-14, SOIC-14 (TOP VIEW) 
J or N Package, D Package 


Driver B 4] 744] INV Input 8 9 10 11 12 eas 


Driver A [5] 10] NI Input 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 55°C to +125°C for the 
UC1901; -40°C to +85°C for the UC2901; and 0°C to +70°C for the UC3901; VIN = 
10V, RT = 10kQ, CT = 820pF, TA= Ty. 


a ee eee 
| MIN | TYP | MAX | MIN | TYP | MAX | 


Reference Section 


Output Voltage 












[Twins TssTwax sf 1.470] 1.5 | 1.530] 1.455] 15 | 1545{ | 
| Line Regulation =» |ViIn=45to3ev | | 2 | tT 5m 
| Load Regulation == lour=OtoBbmA | | tT | om 
| ShortCircuitCurent ss JTu=25rc | 85 | 85 | 85 | 55 | mv 
|_Input Offset Voitage ss [Vem=t5v tt a Tt | om 
| Input Bias Current = [Vometsv Tt Tt | 
| Input OffsetCurrent = [Vem=tov | ot Tt ot | 2 | 
| SmallSignalOpenLoopGain | Ct | | | | co |B 
| CMRR [Vom =0.5to7.5V | 60 | go | | 60 | go | | oB 
| PSAR sVn=2tozeve st 80 | 100 | | 80 -| too | |B 
| OutputSwing AVo | to | or | ow fT or | 
|_ Maximum Sink Current = | | 50 | 80 | t50 | 
| Maximum SourceCurent | CT? | Te Te Tm 
| GainBandWidth Product | Et a | 
| SlewRate | To | ps | 
| VoltageGain | tt Tt ft t0 | 14 | dB | 

Output Swing pf tte fee | pte | ea] | lv 
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UC1901 







UC2901 
UC3901 
ELECTRICAL Unless otherwise stated, these specifications apply for TA = 55°C to +125°C for the UC1901; 
CHARACTERISTICS (cont.): mated = — for the UC2901; and 0°C to +70°C for the UC3901; Vin= 10V, Rt = 10kQ, Cr = 
pr, 1A= tJ. 
ne ea Te Coe] 
| | MIN | TyP | MAX | MIN | TYP | MAX | 
| DriverSinkCurent =s—s || SC tt—“‘C;!C*L SQ | FOO | _—*| 500 || 700 | S| pA | 
| DriverSourceCurent =| —“‘;‘“‘CSCS™C*C*Cé*dC-45CS“T:«C HHT Cs] ts | 35 | | ml 
| GainBandWidthProduct = || —“‘“‘“‘(‘(‘;é‘drTSSSC‘| TCT Mz 
Oscillator Section 
| 140 | 150 | 160 | 130 | 150 | 170 | kHz | 
‘TMnsTssTmax ss | 10 | ~Ss| 170 | 120 | ~~ | 180 | kHz 
| LineSensitivity§ ==»ss/s 5S [Vin=Sto3ev— — —( C‘idLC“(;®:CSidL;:CdS | 35H || 5 | CO | 
ae ee ee ee es 
PAO Ale eres tf OB lee leech 
a a co ee eee ee 
Status Indicator Section 
| Input Voltage Windows |@E/Alnputs, Vom=1.5V_ S| #135 | +150 | +165 | +130 | +150 | +170 | mV __ 
ee ee ee ee 
| Max. OutputCurrent [Pin 13=3V,E/AAInput=0.0v | 8 | 15 | | 8 | 15 | ~~ | mA_ 
| ft os ft | os | 8 a 
a ee 


ViIN=10V 
Osc f=1MHz 


Open-Loop Voltage Gain 
Decibels 
Phase-Degrees 


100 tk 10k 100k 1M 
(See Note) | Frequency-Hertz 


Transformer Data: N1 = N2 = 20TAWG 26 
Core = Ferroxcube 3E2A Ferrite, 0.5" O.D. toroid 
Carrier Frequency = 1MHz 





4 
BIN 


eee ees 


Peak Differential Driver 
Outpput Swing - (V) 





Oscillator Frequency - Hz 


01 L000 www) Lo. 
oO, ATeooN 


10° 10° 10° 
Temperature - (° C) 


Cn ean 
Cr Value - Picofarads 
Oscillator Frequency Typical Driver Output Swing vs Temperature 





5-271 





APPLICATION INFORMATION | 

The error amplifier compensation terminal, Pin 12, is in- 
tended as a source of feedback to the amplifier’s inverting 
input at Pin 11. For most applications, a series DC block- 
ing capacitor should be part of the feedback network. The 
amplifier is internally compensated for unity feedback. 


The waveform at the driver outputs is a squarewave with 
an amplitude that is proportional to the error amplifier in- 
put signal. There is a fixed 12dB of gain from the error 
amplifier compensation pin to the modulator driver out- 
puts. The frequency of the output waveform is controlled 
by either the internal oscillator or an external clock signal. 
With the internal oscillator the squarewave will have a 





Primary - 
- Power and | 
Switches ? 


Power 
_ Transformer ; 


UC1901 
UC2901 
UC3901 


fixed 50% duty cycle. If the internal oscillator is disabled 
by connecting Pin 1, Cr, to VIN then the frequency and 


duty cycle of the output will be determined by the input 


clock waveform at Pin 2. If the oscillator remains disabled. 
and there is not clock input at Pin 2, there will be a linear 
12dB of signal gain to one or the other of the driver out- 
puts depending on the DC state of Pin 2. | 


The driver outputs are emitter followers which will source 


a minimum of 15mA of current. The sink current, internally 
limited at 700A, can be increased by adding resistors to 
ground at the driver outputs. 


R.F. Transformer Coupled Feedback 


e 
~ Supply 
i Output 


UC1901 
Status 


13 Output © 
| 


To Supply 
Monitor 


| 
Driver B 
wie IEG < 
Controller ,_ rs | 


RF Coupling 7 Driver A 


Transformer 
Ext 


2 Clock 





1.5V 
7 | 


Feedback Coupled at Switching Frequency 


Primary 
Power and IE 
Switches 


Power 
Transformer 


Monitor 


To PWM 
Controller 


RF Coupling 
Transformer 
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TYPICAL APPLICATIONS 


Primary 
Power and 
Switches 


Power 
Transformer 


Optically Coupled DC Feedback 


UC1901 


Status 
To Supply 
Monitor 15) Output 


pera | pry acai s B 


eairane is a 
Controller 

Optical 

Coupler 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. ¢ MERRIMACK, NH 03054 
TEL. (603) 424-2410 ¢ FAX (603)424-3460 


5-273 


UC1901 
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INTEGRATED 
CIRCUITS 


ae UNITRODE 


Quad Supply and Line Monitor 


FEATURES 


Inputs for Monitoring up to Four 
Separate Supply Voltage Levels 


Internal Inverter for Sensing a 
Negative Supply Voltage 


Line/Switch Sense Input for Early 


Power Source Failure Warning 


Programmable Under- and 
Over-Voltage Fault Thresholds 
with Proportional Hysteresis 


A Precision 2.5V Reference 


General Purpose Op-Amp for 
Auxiliary Use 


Three High Current, >30mA, 
Open-Collector Outputs Indicate 
Over-Voltage, Under-Voltage 
and Power OK Conditions 


Input Supply Under-Voltage 
Sensing and Start-Latch 
Eliminate Erroneous Fault Alerts 
During Start-Up 


8-40V Supply Operation with 
7mA Stand-By Current 


BLOCK DIAGRAM 


OUTPUT fié 
INV. fig 


N.I. 


SENSE 1 [9] 
SENSE 2 [8 
SENSE 3 
SENSE 4[6 
SENSE 4 


INVERT [5) 
INPUT 


+VIN 


Vrer (2.5V) | 2] 


WINDOW 
ADJusT 4 


GROUND [3] 


LINE/SWITCHER 5 
SENSE 





6/93 


SGENERAL PURPOSE 
P-AMP 






Miz, UC1903 
= UC2903 
na UC3903 


% 
ba e 


DESCRIPTION 


The UC1903 family of quad simply and line monitor integrated circuits will re- 
spond to under- and over-voltage conditions on up to four continuously moni- 
tored voltage levels. An internal op-amp inverter allows at least one of these 
levels to be negative. A separate line/switcher sense input is available to pro- 
vide early warning of line or other power source failures. 


The fault window adjustment circuit on these devices provides easy program- 
ming of under- and over-voltage thresholds. The thresholds, centered around. 
a precision 2.5V reference, have an input hysteresis that scales with the win- 
dow width for precise, glitch-free operation. A reference output pin allows the 
sense input fault windows to be scaled independently using simple resistive 
dividers. | 


The three open collector outputs on these devices will sink in excess of 30mMA 

of load current when active. The under- and over-voltage outputs respond af- 

ter separate, user defined, delays to respective fault conditions. The third out- 

put is active during any fault condition including under- and over-voltage, 
line/switcher faults, and input supply under-voltage. The off state of this out- 
put indicates a "power OK" situation. 


An additional, uncommitted, general purpose op-amp is also included. This 
op-amp, capable of sourcing 20mA of output current, can be used for a num- 
ber of auxiliary functions including the sensing and amplification of a feed- 
back error signal when the 2.5V output is used as a system reference. 


In addition, these ICs are equipped with a start-latch to prevent erroneous un- 
der-voltage indications during start-up. These parts operate over an 8V to 
40V input supply range and require a typical stand-by current of only 7mA. 


VIN 


SUPPLY 
UNDERVOLTAGE 
OVER-VOLTAGE SENSE 
COMPARATOR 
D [O.V. DELAY! 
WLI 


UNDER-VOLTAGE 
COMPARATOR 


O.V.FAULT 


fol O.V.DELAY 
fa] U.V.DELAY 
fia] U.V.FAULT 


144 POWER OK 
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UC1903 










UC2903 
ABSOLUTE MAXIMUM RATINGS (Note 1) veses 
Supply Voltage (+VIN). 0.0... ccc e ee eee +40V Note 1: Voltages are referenced to ground (Pin 3). Currents 
Open Collector Output Voltages................0000- +40V are positive into, negative out of, the specified terminals. 
Open Collector Output Currents..............  Siehaeeen 50mA Consult Packaging Section of Databook for thermal 
Sense 1-4 Input Voltages................00, -0.3V to +20V limitations and considerations of package. 
Line/Switcher Sense Input Voltage ........... -0.3V to +40V 
Op-Amp and Inverter Input Voltages .......... -0.3V to +40V CONNECTION DIAGRAMS 














Op-Amp and Inverter Output Currents.............. -40mA PLCC-20, LCC-20 
Window Adjust Voltage. .................05. 0.0V to +10V (TOP VIEW) | __ FUNCTION _| PIN | 
Delay Pin Voltages............ 0... c eee ees 0.0V to +5V Q, L Package 
Reference Output Current ...................005. -40mA | VreF(25V) ss | 2 
Power Dissipation at TA = 25°C (Note 1)........... 1000mW GRO ND 3 
Power Dissipation at Tc = 25°C (Note 1)........... 2000mW U 
Operating Junction Temperature ........... -55°C to +150°C GROUND SENSE fae | 
Storage Temperature................0005 -65°C to +150°C WINDOW ADJUST | 5 | 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C N/C | 6 | 
SENSE 4 INVERT 7 
DIL-18, SOIC-18 (TOP VIEW) INPUT 
J or N, DW Package SENSE 4 | gg | 
ap. SENSE 3 9 
Vv : 
+VIN OP-AMP INV. 8 14 SENSE 2 40 | 
VreF (2.5V) Pp. 9 10 11 12 13 SENSE 1 ee 
GROUND oF OV DELAY ee 
OP-AMP OUT 
WINDOW LINE/SWITCHER OV FAULT 
ee aries 
INVERT: INPUT BOWER OK nacre 14 
UV DELAY 
UV DELAY POWER OK 
UV FAULT LINE/SWITCHER 
ge eres SENSE 
oN EAE G.P.OP-AMP OUT | 18 | 
OV DELAY G.P. OP-AMP NI. 
G.P.OP-AMPINV. | 20 | 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 55°C to +125°C for the 
UC1903; -40°C to +85°C for the UC2903; and 0°C to +70°C for the UC3903; +VIN = 
15V; Sense Inputs (Pins 6-9 and Pin 15) = 2.5V; VPIN4 = 1.0V, TA= Ty. 


PARAMETERS TEST CONDITIONS UC1903 / UC2903 UC3903 


Supply 
Input Supply Current 






3 
i 






No Faults 
UV, OV and Line Fault 
Fault Outputs Enabled 





Bb 


3/3 le 3 {3 


Supply Under Voltage 
Threshold (Vsuv 


Minimum Supply to Enable 
Power OK Output 


Reference 
Output Voltage (VREF) 


Nj aes 
on} ol 
™“ 
oO 
—_ 


ND G N ja 







ND 
oO 
W 
© 


Ty = 25°C 

Over Temperature 
Load Regulation lL =Oto10mA 
Line Regulation +VIN = 8 to 40V 
Short Circuit Current Ty = 25°C 

Fault Thresholds 


OV Threshold Adj. — Offset from VREF as a function of VPIN4 | .230 |} .25 | .27 
| Input = Low to High, 0.5V < VPIN 4 <2.5V 


UV Threshold Adj. Offset from VREF as a function of VPIN4 ] -.270 | -.25 | -.230] -.270) -.25 | -.230 
Input = High to Low, 0.5V s VPIN4 s 2.5V 


i) 
BSS 
er) 
a 
i) 
oO 
onh, 
o 
N 
Bs 
~“ 
ro) 


BSS 
Oo 
oi 






In 
AIS [O]! 
O lw 
on 

bd 

D 

a 


oh, | ooh w 
ho |! | 
awk, 
ao |e 
Ton 





vo) 
De) 
) 
ro) 
ho 
on 
i) 
~ 
ro) 


EE 
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UC1903 
UC2903 
~UC3903 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 55°C to +125°C for the 
Moot UC1903; -40°C to +85°C for the UC2903; and 0°C to +70°C for the UC3903; +VIN = 
15V; Sense Inputs (Pins 6—9 and Pin 15) = 2.5V; VPIN4 = 1.0V, TA = Ty. 











PARAMETERS __ TEST CONDITIONS | -werposmcases eves UNS 
pene | erm’ bin ve fac baie ve Ta 
Fault Thresholds (cont. 7 
| OV&UV Threshold Hyst. [o5vsVens s25v | to | 20 | 30 | 10 | 20 | 30 | mv 
ec eta Dl cd a ek 
Sensitivi | | 
=A cc Sa dO Rd a 
Input Bias Current 
|_Line Sense Threshold _|input=Hightolow ss | 1.94 | 20 | 206] 19 | 20 | 21 | v_| 
Line Sense Threshold Hyst. Pe eee epee tetetn hte tt 125 | 175 175 | 250 | mv | 
Sense Inputs | | 
Sense 1-4 |input=2ev(note2) | tt | Tt | 
InputBias Curent ___linput=2.2(Note2) S| | | 3 || ot | 6 | ya 
FR pacieia HA Ha 
- Bias Current . 
OV and UV Fault Delay 
| ChargingCurent | wo ct | WA _| 
| Threshold Voltage |[DelayPin=LowtoHigh | tt || 18 
| Threshold Hysteresis |Tu=25°C | sc | | (50 
Ratio of Threshold Voltage to Charging ee 30 50 [erie 
pee Current 


Q 
= 
nl 


Fault Outputs (OV, UV, & Power 0K) 








| Maximum Current Vour=2V_ | 8 | 70 | | 80 | 70 | 
| Saturation Vottage _——flour=12mA_ | 8 | ao || 
| Leakage Current Vout = 40V ae er ae ee 
| Input OffsetVoltage | tT | tom 
| InputBiasCurent | Et Tt i Tk 
| OpenLoopGain | Cs | || os | 8 | | 
| PSRR+Vin=8togov = sts | to | | os | 100 | | 
| UnityGainFrequency | Tt Tt 
| SlewRate | is 
Short Circuit Current Ty = 25°C Ff go | UT 4 ma 
G.P. Op-Amp (Note 3 
| InputOffsetvotage | Tt | Tt To | mv 
| InputOffsetCurrent | Tt ot | Tot | tc |g | 
p Open eee Ba gg EHS SS 
CMRR _ Vow = 0 to +VIN = 2.0V S| 100 |__| @5_} 100 |_| a _ 
| PSAR id +VIN= B to 40V | 65 | 100 | | too | | oB 
| UnityGainFrequency [| at tz | 
SR ee a es | Wis | 
ee ee eee 


Note 2: These currents represent maximum input bias currents required as the sense inputs cross appropriate thresholds. 

Note 3: When either the G.P. OP-Amp, or the Sense 4 Inverter, are configured for sensing a negative supply voltage, the divider 
resistance at the inverting input should be chosen such that the nominal divider current is s 1.4mA. With the divider current 
at or below this level possible latching of the circuit is avoided. Proper operation for currents at or below 1.4mA is 100% 
tested in production. . : ; 

Note 4: Reference to pin numbers in this specification pertain to 18 pin DIL N and J packages. 


5-276 


Typical 2.5V Reference 
Temperature Characteristic 
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OPERATION AND APPLICATION INFORMATION 
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Typical Fault Delay 
Temperature Characteristic (CDELAY = 270pF) 
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Figure 1. The UC1903 fault window circuitry generates OV and UV thresholds centered around the 2.5V reference. 
Window magnitude and threshold hysteresis are proportional to the window adjust input voltage at Pin 4. 
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OPERATION AND APPLICATION INFORMATION 
Setting a Fault Window | 

The fault thresholds on the UC1903 are generated by cre- 
ating positive and negative offsets, equal in magnitude, 
that are referenced to the chip’s 2.5V reference. The re- 
sulting fault window is centered around 2.5V and has a 
magnitude equal to that of the applied offsets. Simplified 
schematics of the fault window and reference circuits are 
shown in Figure 1 (See previous page). The magnitude of 
the offsets is determined by the voltage applied at the 
window adjust pin, Pin 4. A bias cancellation circuit keeps 
the input current required at Pin 4 low, allowing the use of 
a simple resistive divider off the reference to set the ad- 
just pin voltage. 


The adjust voltage at Pin 4 is internally applied across Ra, 
and an 8k resistor. The resulting current is mirrored four 
times to generate current sources IOA, loB, loc, and lop, 
all equal in magnitude. When all four of the sense inputs 
are inside the fault window, a no-fault condition, Q4 and 
Q5 are turned on. In combination with D1 and Da this pre- 
vents LoB and LoD from affecting the fault thresholds. In 
this case, the OV and UV thresholds are equal to VREF + 
loa(R5 + Re) and VREF - loc(R7 + Rs) respectively. The 
fault window can be expressed as: 


(1) 2.5V+ S20 


In terms of a sensed nominal voltage level, Vs, the win- 
dow as a percent variation is: | 


(2) Vs + (10 - Vabu) %. 


When a sense input moves outside the fault window given 
in equation(1), the appropriate hysteresis control signal 
turns off Q4 or Qs. For the under-voltage case, Qs is dis- 
abled and current source los flows through D2. The net 
current through R7 becomes zero as los cancels !oc, giv- 
ing an 8% reduction in the UV threshold offset. The over- 
voltage case is the same, with Q4 turning off, allowing lop 


to cancel the current flow, loA, through Re. The result is a 
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Figure 2. The fault window and threshold hysteresis scale as a 
function of the voltage applied at Pin 4, the window adjust pin. 
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hysteresis at the sense inputs which is always 8% of the 
window magnitude. This is shown graphically in Figure 2. 


Fault Windows Can Be Scaled Independently 

In many applications, it may be desirable to monitor vari- 
ous supply voltages, or voltage levels, with varying fault 
windows. Using the reference output and external resis- 
tive dividers this is easily accomplished with the UC1903. 
Figures 3 and 4 illustrate how the fault window at any 
sense input can be scaled independently of the remaining 
inputs. 


MONITORED 
SUPPLY VOLTAGE 
(Vs) 


[ ucts 


SENSE 1-4 INPUT 


2.5V 
REF. ‘ 
Fault window for the Sense Input, 


in percent, is: 

#10 (VAD) ° R3 + R1R2/(R1 + He) 
R3 

for: 


R2 
Ri+R2 
Figure 3. Using the reference output and a resistive divider, a 


sense input with an independently wider fault window can be 
generated. 


Vs (NOM) = 2.5V 


2.5V 
REF. 


SENSE 1-4 INPUT 


Fault window for the sense input, in percent, is: 


R2 
R1+R2 
Figure 4. The general purpose op-amp on the UC1903 can be 
used to create a sense input with an independently tighter fault 
window. 
Figure 4 demonstrates one of many auxiliary functions 
that the uncommitted op-amp on the UC1903 can be 
used for. Alternatively, this op-amp can be used to buffer. 
high impedance points, perform logic functions, or for 
sensing and amplification. For example, the G.P. op-amp, 
combined with the 2.5V reference, can be used to pro- 
duce and buffer an optically coupled feedback signal in 
isolated supplies with primary side control. The output 
stage of this op-amp is detailed in Figure 5. The NPN 
emitter follower provides high source current capability. 
220mA while the substrate device, Q3, provides good 
transient sinking capability. 


+10 (VADJ ° 
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OPERATION AND APPLICATION INFORMATION (continued) 


UC1903 
G.P. O P 


.P. OP-AM 
OUTPUT STAGE 01 V/ 


OUTPUT 


TO OP-AMP 
INPUT STAGE 





Figure 5. The G.P. op-amp on the UC1903 has a high source 
current (e20mA) capability and enhanced transient sinking capa- 
bility through substrate device Q3. 


Sensing a Negative Voltage Level 

The UC1903 has a dedicated inverter coupled to the 
sense 4 input. With this inverter, a negative voltage level 
can be sensed as shown in Figure 6. The output of the in- 
verter is an unbiased emitter follower. By tying the invert- 
ing input, Pin 5, high the output emitter follower will be 
reverse biased, leaving the sense 4 input in a high imped- 
ance state. In this manner, the sense 4 input can be used, 
as the remaining sense inputs would be, for sensing posi- 
tive voltage levels. 


UC1903 
SENSE 4 INPUT 


SENSE 4 
INVERTER 


O | GROUND 


NEGATIVE 
SUPPLY (-Vs) 


Note: A similar scheme w/the G.P. op-amp will allow a sec- 

ond negative supply to be monitored. 
Figure 6. Inverting the sense 4 input for monitoring a negative 
supply is accommodated with the dedicated inverter. 


R2 


Vs(NOM) = 2.5V° Ro 


Using The Line/Switcher Sense Output 

The line switcher sense input to the UC1903 can be used 
for early detection of line, switcher, or other power source, 
failures. Internally referenced to 2.0V, the line sense com- 
parator will cause the POWER OK output to indicate a 
fault (active low) condition when the LINE/SWITCHER 
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SENSE input goes from above to below 2.0V. The line 
sense comparator has approximately 175mV of hystere- 
sis requiring the line/switcher input to reach 2.175V be- 
fore the POWER OK output device can be turned off, 
allowing a no-fault indication. In Figure 7 an example 
showing the use of the LINE/SWITCHER SENSE input 
for early switcher-fault detection is detailed. Asample sig- 
nal is taken from the output of the power transformer, rec- 
tified and filtered, and used at the line/switcher input. By 
adjusting the R2C time constant with respect to the 
switching frequency of the supply and the hold up time of 
the output capacitor, switcher faults can be detected be- 
fore supply outputs are significantly affected. 


LINE POWER 
INPUT 4 TRANSFORMER FILTER 


SUPPLY 
OUTPUT 


PWM 
CONTROL SWITCH 
TO UC1903 
LINE/SWITCHER 
SENSE INPUT 


Figure 7. The line/switcher sense input can be used for an 
early line or switcher fault indication. 


OV and UV Comparators Maintain Accurate 
Thresholds — aA: i 
The structure of the OV and UV comparators, shown in 
Figure 8 results in accurate fault thresholds even in the 
case where multiple sense inputs cross a fault threshold 
simultaneously. Unused sense inputs can be tied either to 
the 2.5V reference, or to another, utilized, sense input. 
The four under- and over-voltage sense inputs on the 
UC1903 are clamped as detailed on the Sense 1 input in 
Figure 8. The series 2k resistor, R1, and zener diode Z1, 
prevent extreme under- and over-voltage conditions from 
inverting the outputs of the fault comparators. A parasitic 
diode, D1, is present at the inputs as well. Under normal 
operation it is advisable to insure that voltage levels at all 
of the sense inputs stay above -0.3V. The same type of 
input protection exists at the line sense input, Pin 15, ex- 
cept a 5k series resistor is used. . 


The fault delay circuitry on the UC1903 is also shown in 
Figure 8. In the case of an over-voltage condition at one 
of the sense inputs Q2o is turned off, allowing the internal 
60uA current source to charge the user-selected delay 
capacitor. When the capacitor voltage reaches 1.8V, the 
OV and POWER OK outputs become active low. When 
the fault condition goes away Q2o0 is turned back on, rap- 
idly discharging the delay capacitor. Operation of the un- 
der-voltage delay is, with appropriate substitutions, the 
same. 
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OPERATION AND APPLICATION INFORMATION (continued) 


1 y D3 
COMPARATOR 


Tee 


SENSE 1 
2 


[8}+—-SENSE 2 
[7H—SENSE 3 
[6}——SENSE 4 


6.4V 
TO 
fy OOHA UV 


} 


COMPARATOR Q15 
\Z D4 


Figure 8. The OV and Uv Sopa on the UC1903 trigger respective fault delay circuits when one or more of the sense inputs 
move outside the fault window. Input clamps insure proper eperation under extreme fault conditions. Terminating the UV delay Ca- 
pacitor to VREF assures correct logic at power up. 


Start Latch and Supply Under-Voltage Sense Allow 
Predictable Power-Up 

The supply under-voltage sense and start-latch circuitry 
on the UC1903 prevents fault indications during start-up 
or low input supply (+VIN) conditions. When the input sup- 
ply voltage is below the supply under-voltage threshold 
the OV and UV fault Outputs are disabled and the 
POWER OK output is active low. The POWER OK output 
will remain active until the input supply drops below ap- 
proximately 3.0V. With +ViN below this level, all of the 
open collector outputs will be off. 
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10 
\ OV FAULT 
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1.8V © TO OUTPUT 
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OV 
HYSTERESIS 
CONTROL 


THRESHOLD 
VOLTAGE 


6.4V VREF 
CONTROL EXT. 

O (¥) GOLA UV DELAY 
13 CAPACITOR 


mS UV FAULT 
O INDICATION 
1.8V © : US OUTPUT 


OGIC 


When the input supply is low, the under-voltage sense cir- 
Cuitry resets the start-latch. With the start-latch reset, the 
UV fault output will remain disabled until the input supply 
rises to its normal operating level (8-40V), and all of the 
sense inputs are above the under-voltage threshold. This 
allows slow starting, or supply sequencing, without an ar- 
tificial under-voltage fault indication. Once the latch is set, 
the UV fault output will respond if any of the sense inputs 
drop below the under-voltage threshold. 
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Precision Quad Supply and Line Monitor 


reine 
Inputs for Monitoring Up to Four 
Supply Voltages 


e Two Inputs Preset for -5V and -12V 
Monitoring, or Programmable 
Positive Levels 


e Precision 2.5V Reference 


e Separate Inputs for Over-Current and 
Line Fault Sensing 


e Adjustable Under- to Over-Voltage 
Fault Windows 


¢ Latched Over-Voltage and 
Over-Current Output 


e Power Good and Power Warning 
Outputs 


e Auto Restart Function with ON/OFF 
Control, and Programmable Delay 


e Programmable Pwr On Reset Delay 


BLOCK DIAGRAM 
oc ; 

Input 2ov/2iv «> 

$1] 3| 

s2| 4 


a6 r] 24k 


OV Comparator 


VIN | 12| 


2.5V| 1. BEE 


and 
Window 
WADJ Adjust 


Gnd | 18] 


LS 
Input i 








DESCRIPTION 

The UC1904 Quad Supply Monitor will respond to under- and over-volt- 
age conditions on up to four continuously monitored voltage levels. Four 
independent positive voltages can be monitored or, alternatively, two of 
the sense inputs are preset to monitor -5V and -12V supplies. The de- 
vice also monitors Over-Current and Line Sense inputs, both with preci- 
sion input thresholds. 


Four open collector outputs on the UC1904 give the following re- 
sponses: 1. The OV/OC output is a latched over-voltage, or over-current 
response. 2. A Power Good signal responds low with any fault detection 
— ON power-up a programmable delay is used to hold this output low for 
a system Power On Reset signal. 3. The PWRW output responds only 
to a Line Sense input, for early warning of power failures. 4. The last 
open collector, the ON/OFF output, generates a delayed supply OFF 
contro! signal in response to an OFF input command, under-voltage 
condition, or line fault detection. 


The OV-UV fault window is adjustable with a programming input. The 
thresholds are centered around the precision 2.5V reference, with a 
scaled hysteresis for precise, glitch free operation. In the positive mode 
of operation, the fault windows at each of the sense inputs can be inde- 
pendently scaled using external resistors and the 2.5V reference output. 
An Auto Restart function couples with the under-voltage and line sens- 
ing Circuits to allow controlled power supply start-up and shutdown. 


This device will operate over a supply range of 4.75V to 18V. The device 
is available in a DIP, SOIC, or PLCC outline. This device is ESD pro- 
tected on all pins. 


Over Current ommnS 
aie 
Out 


Ovioc 


cm 7 = ON/OFF 
Out 


— he 
(\ Restart 14] OFF DLY 


ON/OFF 
2.5V/0.6V <it Input 


POR DLY ARST Input 


Note: Pin Numbers refer to J, N, and DW Packages. 
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~ UC1904 





ABSOLUTE MAXIMUM RATINGS (Note 1) a _ pene 
Input Supply Voltage ........ cece eee ee eee eee 20V cee 
Sense Inputs, $1 And S2, Other Analog And Logic Inputs Note 1: Unless otherwise indicated, voltages are reference to _ 
Maximum Forced Voltage...............55- -0.3V to 10V ground and currents are positive into, negative out of, the speci- 
Maximum Forced Current.............0..00000: +10mA__ fed terminals. 
Sense Input S3, (-12V Sense Input) CONNECTION DIAGRAMS 
Maximum Forced Voltage.................. -18V to 10V 
Maximum Forced Current ...............0. ee eee #10mA | PLCC-20 (TOP VIEW) : 
Sense Input $4, (-5V Sense Input) Q PACKAGE 
Maximum Forced Voltage ...............04. -10V to 10V 
Maximum Forced Current........... 5... e eens +10mA |. [Lasv | 
Open Collector Outputs | | PORDLY _| 
Maximum Voltage ..... 0.0... cece cece ee ee ees 20V 
Maximum Current ...... gy haat i an ear Aiacucat x 50mA a... 
Reference Output Current ..... ube Seueeean Internally Limited [-So.. 
Operating Junction Temperature ........... -55°C to +150°C 33. 
Storage Temperature..................4.. -65°C to +150°C 


DIL-18, SOIC-18 (TOP VIEW) 
J or N PACKAGE, DW PACKAGE 


PIN | 

a ae 

ee 

N.C. he ol 

| 4 | 

a 

aed 

(s4. dT 

: coe en eee 
aap ages | LSinput  =—ss || og 
| OCinput | 10 | 

| i | 

eae 

| 13 | 

IN estan 

| 16 | 

fe Oo 

| 19 | 

| 20 





| PWRW Out 
| PGOut 
| Gnd 


LS Input 
OC input [8 | 
PWAW Out | 9| 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for TA = 0 to 70°C for the 
_ UC3904, -40 to +85°C for the UC2904, and -55 to +125°C for the UC1904, +ViN = 
15V, WaADJ = 0.5V, Sense Inputs 1-4, OC and LS Inputs = 2.5V. The ON/OFF Input 
and the ARST Input = OV. 


TEST CONDITIONS 
| UVLO Threshold Hysteresis | 


Reference af 
Output Voltage(VrEr) 
| Load Regulation lou = 0 to. 4mA 


Line Regulation VIN = 4.75 to 18V 
Short Circuit Current 


Over-Voltage Thresholds WADJ = 0.25V, Offset from VREF, Input L to H | 110 | 


$1, S2 Waby = 0.5V, Offset from VREF, Input L to H | 230 | 
WAD\ = 1V, Offset from VREF, Input L to H | 540 _ 


Over-Voltage Thresholds __|WADs = 0.25V, Offset from VREF, Input L to H 


S3, S4 Positive Mode Wapu = 0.5V, Offset from VREF, Input L to H | 230 | 250 | 
Wapy = 1V, Offset from Vrer, Input L to H r | 460 | 500 | 550 | mv 
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ELECTRICAL Unless otherwise stated, these specifications hold for TA = 0 to 70°C for the UC3904, -40 to 
CHARACTERISTICS (cont): +85°C for the UC2904, and -55 to +125°C for the UC1904, +VIN = 15V, WaADu = 0.5V, Sense 
Inputs 1-4, OC and LS Inputs = 2.5V. The ON/OFF Input and the ARST Input = OV. 


[MIN | Typ | Max [UNITS | 
OV UV Window, LS Input, OC Input, ARST Input, and ON/OFF input Thresholds (cont.) 

Under-Voltage Thresholds | WADJ = 0.26V, Offset from VreF, InputHtoL =| -140 | -125 | -110 | mv | 
$1, $2 WabJ = 0.5V, Offset from VreF, InputHtoL | -270 | -250 | -230 | mv_ 
Wabs=1V, Offset from Vrer,InputHtoL_ | -540 | -500 | -460 | mv_ 
WADy = 0.25V, Offset from Vrer, Input H to L 
WADJ = 0.5V, Offset from VREF, Input H to L | -285 | -250 | -230 | mv __ 








Under-Voltage Thresholds 
S3, S4 Positive Mode 













S4 Negative Mode Thresholds 
46 


Wap, Input Bias Current 0.25V < WADJ <1.0V 


DJ 
S3 Negative Mode Thresholds  [Over-Voltage, WADJ = 0.5V, Offset from VReF, Input H to L 


omh, ond, — 
NM 1O |P ie) w 
ro) oO ND 
oe 4 

nya no I~N 

© }® | @ o |O 

oN © 


2.04 
100_| 150 
ARST Input Threshold Input = L to H 
. 


ON/OFF Input Threshold Input high level 
Input low level 


Sense and Logic Input Bias Currents _ 


@ © 
<jelelel2l< lS Jele 13 elelSleleiei3 
< < < < =I< 


=) 

ae, | eh 

ow |W |@ 1d 

a |e | 
~ 
oO 


j Senser4.Positve Mode Hnpat= 26¥ _}___1 20} ao | a 
| input=22v00— i t00 | -250 | 
| Sense 3NegativeMode ——input=-t2v,— SC -700 | -500 | -300 | A | 
| Sense 4NegativeMode ——finput=-sv_ 70 | -500 | -300 | BA | 
|_Line,andOC Inputs Input = 2.2V |_| 300 | 1000 | nA_ 
| ON/OFF inputs input=25v0 850 | GOO | nA 
| ARSTinput—sfinput=0.5—SCS~i 2000] -FE| | A 
| Saturation Voltages flout=10mA CEC | | 
| Leakagecurent = [Vour=2ove— CE 
p Delay 160 | 250 | 350_| ms iF 
|_internalPulupCurent = | 
| ThresholdLowtoHigh | CT 
OFF Delay 
p Delay 120 | 185 | 250_| ms ivr 
|_IntemalPullupcurent = | Et 
| ThresholdLowtoHigh | 


OV Fault Delay 
to | 20 | 50_ 


Delay 


; 
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PIN FUNCTIONAL DESCRIPTION 

2.5V: This is the output of the precision 2.5V reference. 
ARST Input: This input, with a 4:1 hysteretic threshold, 
is used to sequence a power system through the Auto 
ReStarT cycle. A delayed representation of a supply out- 
put voltage is used at this pin to provide adequate startup 


time for the power system, and a minimum power-off pe- . 


riod. 


Gnd: Reference point for the internal reference and all 
thresholds, as weil as the return for the remainder of the 
device. 3 


LS Input: The Line Sense input is used to monitor a volt- 
age that varies with the input line voltage to a system. 
The input is compared to a precision 2.0V level and is 
used to activate the PWRW and PG outputs, as well as 
triggering the Auto Restart sequence. 


oc Input: The Over-Current input can be used to re- 
spond to an inverted over-current signal. A low level sig- 
nal at this input latches in a fault indication at the OV/OC 
output. 


OFF DLY: This pin functions similarly to the POR DLY pin 
to delay the turn-on of the ON/OFF output transistor. The 
charging current and upper threshold are 12uA and 2.1V. 


ON/OFF Input: With a high level at this input the 
ON/OFF Out pin is activated after a user-programmable 
delay. A high level also activates the PG Out pin, and re- 
sets the OV/OC fault latch. 


On/Off Out: This output is an open collector output that 
is activated by the ON/OFF Input, or the Auto Restart cir- 
cuitry. Saturation voltage on this and all the open collec- 
tor outputs is rated at 10mA of current. 


OV/OC Out: In response to either an Over-Voltage or 
Over-Current situation this output is latched active low. 
There is nominal 20yus delay in the OV path to the fault 
latch, providing rejection to transient overshooting on the 
monitored voltages. The low condition is cleared when 


UC1904 
UC2904 
UC3904 


the fault latch is reset by the ON/OFF Input, or a UVLO 
condition on the device. 


POR DLY: This pin is used, with an external capacitor, to 
program a Power-On-Reset delay. This delay is reset 
whenever there is a UV condition at one of the $1-S4 in- 
puts, and then triggered upon the clearing of the UV con- 
dition. When reset the voltage across the capacitor is 


- quickly discharged to near zero volts, and the PG Out 


pin. goes active low. Once triggered the capacitor is 
charged by a 9nA current source. The PG Out pin re- 
mains active low until the delay capacitor voltage 
reaches a 2.1V threshold. 


PG Out: During any fault, under-voltage, or UVLO condi- 
tion this output is low. A Power Good indication (output 
off) is given when all supply conditions are within defined 
operating limits. During power-up the PG signal is de- 
layed by a programmable Power On Reset delay. During 
UVLO the output is active low as long as the input sup- 
ply, VIN, is above approximately 1.0V. 


PWRW Out: When a low line condition is sensed by the 
LS Input this output goes low. This output is disabled (off) 
during a UVLO condition. 


$1-S4: These are the sense inputs for OV and UV moni- 
toring of external voltages. All four inputs can be used to 
sense positive voltages with a simple divider to scale the 
voltage level to the 2.5V centered window. The S3 and 
$4 inputs can also be used to sense -12V and -5V sup- 
plies respectively with no external components. This is 
done with internal precision resistor dividers and two 
source only op-amps that are disabled when the pins are 
used in the positive mode. | 


VIN: Input supply for the UC1904. The device is opera- 
tional with 4.75V to 18V on this pin. 


WapbJ: The WaDJ input is used to program the OV and 
UV window thresholds. The OV-UV window is centered 
around the 2.5V reference and is nominally +20% per 
volt on the WAD4 input pin. 
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Over Current Signal 
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2.0V/2.1V 


rs | $1 
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A iF 


Power Good Ind 


—s . 5V 
| ed 
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Power Warning 


Input Supply 5V 


12 Window 
| Poesy sv Thresholds Y 


REF 


Supply Off 
RW1 and Ab, : 


Window=+/-20%/V Window]! 9 ov/2.1v = .5V 
Adjust OFF DLY CDLY2 
PWM Voltage RW2 a * 


ON/OFF 
& t 2.5V/0.6V ; eee 


2.0V/1.5 


POR DLY ARST Input ON/OFF 
Control 


RS1 Restart Supply 
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‘Load Share Controller 


FEATURES 

* Fully differential high impedance 
voltage sensing. 

«Accurate current amplifier for piecse: 
current sharing. 
* Opto coupler driving capability. 

- 1.25% trimmed reference 

- Master status indication 

* Compatible with JIAWG 88-M7A 
specification 

°4.5V TO 35V operation. 


ABSOLUTE MAXIMUM RATINGS (NoTE 1) 


Supply Voltage ......:0.5...0sscs.veesssseeerecesedevsess +35V 
Opto Out Voltage............ cc ceeee eee eees +35V 
Opto Out Current...............0... Fadia Cones +20mMA 
Status Indicate Sink Current................. +20MA 
C/S Input Voltage ..........c ccc cceeeteceeseeeteees +35V 
Share Bus Voltage ...................5 .-0.3V to +35V 


Other Analog Inputs and Outputs (Zener clamped) 
Maximum Forced Voltage —0.3V to +10V 


Maximum Forced Current............. +10mA 
Ground Amp Sink Current..................0. +50mMA 
Pins 1,9, 12, 15 Sink Current ................ +20MA 


Power Dissipation at T ,=25°C (Note 2)...1000mW 
Power Dissipation at Tc=25°C (Note 2) ..2000mMW 
Storage Temperature Range .— 65°C to +150°C 
Lead Temperature (Solder 10 Seconds)+300°C 


NOTE 1: Pin Nos. refer to 16 Pin DIL Package 
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DESCRIPTION 

The UC3907 family of Load Share Controller IC’s provides all the neces- 
sary features to allow multiple independent power modules to be paral- 
oa such that each module supplies only its proportionate share to total 
load current. 


This sharing is accomplished by controlling each module’s power stage 
with a command generated from a voltage feedback amplifier whose ref- 
erence can be independently adjusted in response to a common share 
bus voltage. By monitoring the current from each module, the current 
share bus circuitry determines which paralleled module would normally. 
have the highest output current and, with the designation of this unit as 
the master, adjusts all the other modules to increase their output current 
to within 2.5% of that of the master. 


The current share bus signal interconnecting all the paralleled modules is 
a low-impedance, noise-insensitive line which will not interfere with allow- 
ing each module to act independently should the bus become open or 
shorted to ground. The UC3907 controller will reside on the output side of 
each power module and its overall function is to supply a voltage feed- 
back loop. The specific architecture of the power stage is unimportant. 
Either switching or linear designs may be utilized and the control signal 
may be either directly coupled or isolated though the use of an opto cou- 
pler or other isolated medium. The load sharing technique implemented 
with the UC3907 is compatible with the requirements of JIAWG 88-M7A 
specifications. 


Other features of the UC3907 inelude 1.25% accurate reference: a low- 
loss, fixed gain current sense amplifier, a fully differential, high-impedance 
voltage sensing capability, and a status indicator to designate which 
module is performing as master. 


NOTE 2:Consult packaging section of databook for 


thermal limitations and considerations of package. 


BLOCK DIAGRAM 


(+) SENSE [14] 


Voc (4.5V TO 35) [10] 


(-) SENSE [4 | 


GROUND|AMP 
POWER RTN |5 | 


ARTIFICIAL GND | 6 | 


Ver 


C/S OUT | 11 


crs(-) | 3 | 
C/S(+) | 2 | 
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CONNECTION DIAGRAMS UC2907 
DIL-16 (TOP VIEW) SOIC-16 (TOP VIEW) UC3907 
Jor N PACKAGE DW PACKAGE 

C/S Out Status Inoicate 










C/S (+) Current Share Bus 
C/S Out [7] H6] Status Inoicate CIS (-) ADJ Out 
(-) Sense ADJ Input 
C/S (+) 12] 5} Current Share Bus BAwer Ratan, Con 
cs (-) BI 14] ADJ Out hee eae eens: 
(-) Sense [4] 13} ADJ Input Var Vec 
Power Return [5] 2] Comp Iset Opto Drive 
Artificial GND [6 | 11} (+) Sense 
V Vy PLCC-—20 Q PACKAGE (TOP VIEW) 
REF me LCC-20 L PACKAGE 
Iset [8] 19} Opto Drive 
1-N/C 20 - Status Indicate 





2 - C/S Out 19 - Current Share Bus 
3 - C/S (+) 18 - ADJ Out 
4-C/S (-) 17 - ADJ Input 
5 - (-) Sense 16 - N/C 
6 -N/C 15 - Comp 
7 - Power Return 14 - (+) Sense 
8- Artificial GND = |_9 10111213 13 - Voo 
9 - Veer 12 - Opto Drive 
10 - Iset 11-N/C 


Electrical Characteristics: Uniess otherwise stated these specifications apply for Ta =— 55°C to +125°C for UC1907; -40°C to +85°C for UC2907; 
and 0°C to +70°C for UC3907; VIN = 15V, Ta=Ty. 


PARAMETER TEST CONDITION | MINS | TYP | MAX | 

VOLTAGE AMP SECTION 
VIA out = 1V, Ty = 25°C 

Input Voltage 

V/A out = 1V, Over Temp | 1,960 
Line Regulation | Vin = 4.5V to 35V i 
Load Regulation I, Reference = 0.0mA to —- 10mA Eo al 
Long Term Stability Tp = 125°C, 1000hrs (Note 2) P| 















3,3 
<j< 


Uni Gan Bani 


Output Sink Current (+) Sense = 2.2V, V/A out = 1V | 6 | 
Output Source Current (+) Sense = 1.8V, V/A out = 1V | 400 | 


Vout High (+) Sense = 2.2V |, =— 400ua 1.85 


Vout Low | (+) Sense = 1.8V 1, =+1mA Ee aie ater 
REFERENCE SECTION ) 
Tp = 25°C 1.970 | 2.000 — 
Output Voltage : 
Over Operating Temp 1.955 2.000 
Short Circuit Current VREF = 0.0V | -15 | -30 | 
GROUND AMP SECTION 
Common Mode Variation | (—) Sense from 0.0V to 2V 
IL = 0.0mA to 20mA, Tp = 25°C 
I, = 0.0mA to 20mA, Over Temp 


NOTE 1: Unless otherwise specified all voltages are with respect to (—) sense. Currents are positive into, negative out of the specified terminal. 
NOTE 2: These parameters, although quaranteed over their recommended operating conditions are not 100% tested in production. 


3 
< 


= 3 


kHz 


3 
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Cc 


<P : 
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Electrical Characteristics: Unless otherwise stated these specifications apply for Ta = — 55°C to +125°C for UC 1907; — 40°C to +85°C for UC2907; 
and 0°C to +70°C for UC3907; VIN = 15V, Ta=Ty S 


[__panawever «| —~—~SCwesT common «dwn P| wax | Uwe 


ADJUST AMP SECTION 
Input Offset Voltage 





A/A out = 1.5V, Vem = 0.0V 
Input Bias Current 
Open Loop Gain | 1.5V < AJA out'< 2.25V 
Unity Gain Bandwidth Tp = 25°C, Cout =1uF (Note 2) 
Transconductance lout = — 10UA to +10uA, Vout = 1.5V 
Vid = 0.0V, A/A out = 1.5V 
Vid = 250mV, A/A out = 1.5V 
Vout High Vid = 250mV, lout = — 50uA 
- Vid = 0.0V, lout = 50uA 

Vem = 0.0 to 10V 

Vout A/A = 1.5V to 2V 
~ A(+) Sense/ AA/A out 
CURRENT AMP SECTION 


[ Over Temp 180 
Common Mode Input 
Vid= 1 


Power Supply Rejection Ratio “i Vin = 4.5V to 35V, Vem = 0.0V 
Slew Rate Ro 


=. 
~“I 


Output Sink Current 


Output Source Current 


Vout Low 


ro) 
I 
a 


MN 
°o 


Common Mode Rejection Ratio 





Output gain to V/A 


é 
nn 
Oo 
c 
> 





n 

Oo 
e 

< 





DRIVE AMP SECTION Rset = 500 ohms to Artificial Gnd, Opto Drive = 15V 


Voltage Gain V/A out = 0.5V to 1V . 


Iset Vout High (+) sense = 2.2V 


a|s 
> 


Iset Vout Low (+) sense = 1.8V 


Opto out Voltage Range ae 
Zero Current Input Threshold 
BUFFER AMP SECTION. 
Input Offset Voltage 


Output Off Impedance 





Input = 1V_ 

Input = 1V, Output = 1.5V to 2V 
Input = 1V, Output = 0.5V 

Vem = 0.3Vto 10V 

Power Supply Rejection Ratio Vin = 4.5V to 35V 70 


UNDER VOLTAGE LOCKOUT SECTION . 


NOTE 1: Unless otherwise specified all voltages are with respect to (-) sense. Currents are positive into, negative out of the specified terminal. 
NOTE 2: These parameters, although guaranteed over their recommended operating conditions are not 100% tested in production. 


3 


Le) 
oe) 


Output Source Current 


Common Mode Rejection Ratio 


: 


SJ 
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STATUS INDICATE SECTION 
Vout Low 

Output Leakage 

TOTAL STAND BY CURRENT 
Start-Up Current 


Operating Current Vin = 35V 


UC1907 
UC2907 
UC3907 


A/A— = Current Share Bus 
A/A out = 1V Vout = 35V 


Vin = UVLO —0.2V 





NOTE 1: Unless otherwise specified all voltages are with respect to (-) sense. Currents are positive into, negative out of the specified terminal. 
NOTE 2: These parameters, although guaranteed over their recommended operating conditions are not 100% tested in production. 


PIN/BLOCK DESCRIPTIONS 
(Pin Nos are for DIL-16 package) 


NEGATIVE SENSE (Pin 4) - This is a high-impedance pin 
intended to allow remote sensing of the system ground, 
bypassing any voltage drops which might appear in the power 
retum line. This point should be considered as the “true” 
ground. Unless otherwise stated, all voltages are with 
respect to this point. 


ARTIFICIAL GROUND (Pin 6) - This is a low impedance cir- 
cuit ground which is exactly 250 millivolts above the (—) Sense 
terminal. This offset allows the Ground Buffer Amplifier nega- 
tive headroom to return all the control bias and operating cur- 
rents while maintaining a high impedance at the (—) Sense 
input. 


POWER RETURN (Pin 5) - This should be the most negative 
voltage available and can range from zero to 5V below the (—) 
Sense terminal. It should be connected as close to the power 
source as possible so that voltage drops across the return line 
and current sensing impedances lie between this terminal and 
the (—) Sense point. 


VREF (Pin 7) - The intemal Voltage Reference is a band-gap 
circuit set at 2.0 Volts with respect to the (—) Sense input 
(1.75V above the Artificial Ground), and an accuracy of + /—- 
1.5%. This circuit, as well as all the other chip functions, will 
work over a supply voltage range of 4.5V to 35V allowing oper- 
ation from unregulated DC, an auxiliary voltage, or the same 
output voltage that it is controlling. Under voltage lockout has 
been included to insure proper start-up by disabling internal 
bias currents until the reference rises into regulation. 


VOLTAGE AMPLIFIER (Pins 11, 12) - This circuit is the feed- 
back control gain stage for the power module’s output voltage 
regulation, and overall loop compensation will normally be 
applied around this amplifier. Its output will swing from slightly 
above the ground return to an internal clamp of 2.0 Volts. The 
reference trimming is performed closed loop, and measured at 
pin 11, (+) sense. The value is trimmed to 2V +1.25%. 


DRIVE AMPLIFIER (Pins 8, 9, 12) - This amplifier is used as 
an inverting buffer between the Voltage Amplifier’s output and 
the medium used to couple the feedback signal to the power 
controller. It has a fixed voltage gain of 2.5 and is usually con- 
figured with a current-setting resistor to ground. This estab- 
lishes a current - sinking output optimized to drive optical 


- couplers biased at any voltage from 4.5V to 35V, with current 


levels up to 20mA. The polarity of this stage is such that an 
increasing voltage at the Voltage Amplifiers sense input (as, 
for example, at turn on ) will increase the opto’s current. In a 
nonisolated application, a voltage signal ranging from 0.25V to 
4.1V may be taken from the current-setting output but it should 
be noted that this voltage will also increase with increasing 
sense voltage and an external inverter may be required to 
obtain the correct feedback polarity. 


CURRENT AMPLIFIER (Pins 1, 2, 3) - This amplifier has dif- 
ferential sensing capability for use with an external shunt in the 
power return line. The common-mode range of its input will 
accommodate the full range between the Power Retum point 
and Vcc—2V which will allow undefined line impedances on 
either side of the current shunt. The gain is internally set at 20 
giving the user the ability to establish the maximum voltage 
drop across the current sense resistor at any value between 
50 and 500 millivolts. While the bandwidth of this amplifier may 
be reduced with the addition of an external output capacitor to 
ground, in most cases this is not required as the compensation 
of the Adjust Amplifier will typically form the dominant pole in 
the adjust loop. 


BUFFER AMPLIFIER (Pins 1, 15) - This amplifier is a uni- 
directional buffer which drives the Current Share Bus - the line 
which will interconnect all power modules paralleled for current 
sharing. Since the Buffer Amplifier will only source current, it 
insures that the module with the highest output current will be 
the master and drive the bus with a low-impedance drive 
capability. All other Buffer Amplifiers will be inactive with each 
exhibiting a 10 kohm load impedance to ground. The Share 
Bus terminal is protected against both shorts to ground and 
accidental voltages in excess of 50 Volts. 


ADJUST AMPLIFIER (Pins 13, 14, 15) - This amplifier adjusts 
the individual module’s reference voltage to maintain equal 
current sharing. It is a transconductance type in order that its 
bandwidth may be limited, and noise kept out of the reference 
adjust circuitry, with a simple capacitor to ground. The function 
of this amplifier is to compare its own module output current to 
the Share Bus signal - which represents the highest output 
current - and force an adjust command which is capable of 
increasing the reference voltage as seen by the voltage ampli- 
fier by as much as 100 millivolts. This number stems from the 
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17.5:1 internal resistor ratio between the Adjust Amplifier’s 


clamped output and the reference, and represents a 5% total 


range of adjustment - a value which should be adequate to 


compensate for unit-to -unit reference and extemal resistor tol- — 


erances. The Adjust Amplifier has a built-in 50 mV offset on its 
inverting input which will force the unit acting as the master to 
have a low output resulting in no change to the reference. 
While this 50 mV offset represents and error in current sharing, 
the gain of the current amplifier reduces it to only 2.5 mV 
across the current sense resistor. It should also be noted that 
when the module is acting independently with no connection to 


UC1907 
UC2907 
UC3907 


the Share Bus node, or when the Share Bus node is shorted 
to ground, its reference voltage will be unchanged. Since only 
the circuit acting as a master will have a low output from the 


_ Adjust Amplifier, this signal is used to activate a flag output to 


identify the master should some corrective action be needed. 


STATUS INDICATE (Pin 16) - This pin is an open collector 
output intended to indicate the unit which is acting as the 
master. It achieves this by sensing when the adjust amp is in 
its low state and pulling the status indicate pin low. 


LOAD SYSTEM DIAGRAM 
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UC3907 IN A LOAD-SHARING FEEDBACK LOOP 
FOR AN OFF-LINE ISOLATED SUPPLY 
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7 CONTINENTAL BLVD. - MERRIMACK, NH 03054 
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Sealed Lead-Acid Battery Charger 


FEATURES 


¢ Optimum Control for Maximum 
Battery Capacity and Life 


e Internal State Logic Provides 
Three Charge States 


e Precision Reference Tracks 
Battery Requirements Over 
Temperature 


¢ Controls Both Voltage and 
Current at Charger Output 


e« System Interface Functions 


e Typical Standby Supply 
Current of only 1.6mA 


BLOCK DIAGRAM 





GROUND 


POWER 


INDICATE 


OVER-CHARGE 
TERMINATE | 
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DESCRIPTION 


The UC2906 series of battery charger controllers contains all of the necessary 
circuitry to optimally control the charge and hold cycle for sealed lead-acid batter- 
ies. These integrated circuits monitor and control both the output voltage and cur- 
rent of the charger through three separate charge states; a high current 
bulk-charge state, a controlled over-charge, and a precision float-charge, or 
standby, state. , 


Optimum charging conditions are maintained over an extended temperature 
range with an internal reference that tracks the nominal temperature charac- 
teristics of the lead-acid cell. A typical standby supply current requirement of only 
1.6mA allows these ICs to predictably monitor ambient temperatures. 


Separate voltage loop and current limit amplifiers regulate the output voltage and 
current levels in the charger by controlling the onboard driver. The driver will sup- 


_ply up to 25mA of base drive to an external pass device. Voltage and current 
~sense comparators are used to sense the battery condition and respond with 


logic inputs to the charge state logic. A charge enable comparator with a trickle 
bias output can be used to implement a low current turn-on mode of the charger, 
preventing high current charging during abnormal conditions such as a shorted 
battery cell. | 


Other features include a supply under-voltage sense circuit with a logic output to 
indicate when input power is present. In addition the over-charge state of the 
charger can be externally monitored and terminated using the over-charge indi- 
cate output and over-charge terminate input. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS bsiaidata 
Supply Voltage (+VIN).. 0.0.0.0... 002 e eee ee eee 40V 

Open Collector Output Voltages..............2006. 40V OF a 

Amplifier and Comparator Input Voltages ... -0.3V to +40V Q. L Packages 

Over-Charge Terminate Input Voltage...... -0.3V to +40V ; g 
Current Sense Amplifier Output Current .......... 40mA 

Other Open Collector Output Currents. ............ 5mA 

Trickle Bias Output Current .................... -40mA 

Driver Currents. .0.04 syste bees eee ees 40mA 

Power Dissipation at TA = 25°C(Note 2) ........ 1000mW 

Power Dissipation at Tc = 25°C (Note 2)........ 2000mW 
Operating Junction Temperature ........ -55°C to +150°C 

Storage Temperature................. -65°C to +150°C . | 
Lead Temperature (Soldering, 10 Seconds) ....... 300°C 7 
Note 1: Voltages are referenced to ground (Pin 6). Currents 

are positive into, negative out of, the specified terminals. 

Note 2: Consult Packaging section of Databook for thermal 
limitations and considerations of packages. 8 14| OVER CHARGE 


9 10 11 12 13 TERMINATE 


PNG 


OVER CHARGE 
INDICATE 


STATE LEVEL 13 


DIL-16, SOIC-16 (TOP VIEW) 
Jor N Package, DW Package 


C/S OUT DRIVER SINK 
CONTROL 
TRICKLE BIAS 


Cc/S - DRIVER SOURCE 
C/S + COMPENSATION 
C/L VOLTAGE SENSE 


ae 
CHARGE ENABLE EAS 
PNC 6 


COMPENSATION 
DRIVER SOURCE 


DRIVER SINK | 20 | 


+VIN CHARGE ENABLE 


GROUND TRICKLE BIAS 
POWER 

RDICATE STATRGEY=! 

OVER-CHARGE 


ER-CHARGE 
TERMINATE INDICATE 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the 


UC2906 and 0°C to +70°C for the UC3906, +VIN = 10V, TA= Ty. 
PARAMETER 


Cie 
| | Min | TYP | MAX | MIN | TYP | MAX_ 
input Supply 


Supply Current +ViN= 10V 18} 28 | _} 161 25 | mA 
fend A ae) 










+VIN = 40V 


[Supply Under-Voltage Threshold [+Vw=LowtoHigh ———~*(Y 42 | as | 4a | a2 [45 | 48 
|_ Supply Under-Voltage Hysteresis] | Sf 20 | 0.30] | 0.20 | O30] V 


Internal Reference (VREF) 
Voltage Level (Note 2) 














Measured as Regulating Level at 
Pin 13 w/ Driver Current = 1mA, 
Tu = 25°C 


| Line Regulation ss |+v=Stogov =| | | | 8 | 8 | mv 
ee 










| Menimam Oupn Curent (Source _}_ 45 | 30 | 15 
sink 80 | I 

| Open LoopGain [Driver current=1mA_ | 50 | 65 

| Output Voltage Swing [Volts above GNDorbelow+vin | | 02 | 


Note 2. The reference voltage will change as a function of power dissipation on the die according to the temperature coefficient of 
the reference and the thermal resistance, junction-to-ambient. 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -40°C to +70°C for the . 
UC2906 and 0°C to +70°C for the UC3906, +VIN= 10V, TA=Ty. 








‘PARAMETER —— | TEST CoNpmons | __vozene-—_}__veseng___Juns 
ee ee 
Differential 
Maximum Output Current [Pin 16toPin15=2V ss (sss| 25 | 40 | | 25 | 40 | | mA 
| SaturationVoltage ==“ “<as| tt ( t—“‘“CSCSC*rLSCCéd COC MS] | C2 | 45 | Vv 
‘Current Limit Amplifier | _ | oS 
| InputBiasCurent | Ci‘iLC C(SSsSCdL=C«CD | 1.0 
| Threshold Voltage =| Offset below +VIN | | 225 | 250 | 275 
| Threshold Supply Sensitivity |+vin=5to4ov. | S| (0.03 | 0.25 | 


Voltage Sense Comparator | 


Threshold Voltage As a function of VREF, Li = RESET 
As a function of VAeF,L1=SET | 
Input Bias Current Total Input Bias at Thresholds 


Current Sense Comparator 


— 
| | 0.08 | 0.25 | 
0.945 | 0.95 | 0.955 | 
0.905 | 
j 05 | 02 | 
| 0.5 
| 0.2 | 
0.35 

ae 
| 0.45 


aie 
fee) 
a 


|lnputBiasCurent | ot fo | ot 
| InputOffset Current = | | ot | 2 || .t 
|_Input Offset Voltage _—[Referencedto Pin2,lour=1mA | 20 | 25 | 30 | 20 | 25 | 
| Offset Supply Sensitivity |+vin=Stogov, | | 0.05 | 0.95 | | 0.05 %1V 

| Offset Common Mode Sensitivity [CMV=2vto+vin | | 0.05 | 0.35 | | 0.05 | 
| Maximum Output Current |Vour=2V_ | | 4 | | 5 | 40 | ma | 
| Output Saturation Voltage __lour = 10mA | fo2 fos] | 02 | 


Enable Comparator 7 
Threshold Voltage As a function of VREF 
Input Bias Current 


Trickle Bias Maximum Output VoUuT = +VIN - 3V . 
Current = 


Trickle Bias Maximum Output 
Voltage 


Trickle Bias Reverse Hold-Off 
Voltage 


Over-Charge Terminate Input 


Threshold Voltage i eee eee A 
Internal Pull-Up Current At Threshold 


Open Collector Outputs (Pins 7, 9, and 10) = 


; 
Saturation Voltage 


Q 


Volts below +ViIN, louT = 10mA 


+VIN = OV, louT = -10uA 
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internal Reference Temperature Characteristic and 
Tolerance 















2.60 






VreF GUARANTEED TOL. 
OVER TEMPERATURE | 
UC2906 -40°C TO 70°C 
ST 0°Cc TO 70°C 









Typical --— 
Characteristic 


AT PIN 13 - (V) 


REFERENCE REGULATING LEVEL 


TEMPERATURE - (°C) 





OPERATION AND APPLICATION INFORMATION 


Dual Level Float Charger Operations 

The UC2906 is shown configured as a dual level float 
charger in Figure 1. All high currents are handled by the 
external PNP pass transistor with the driver supplying 
base drive to this device. This scheme uses the TRICKLE 
BIAS output and the charge enable comparator to give 


| UC2906 
| +ViN 
| 
I 


CHARGE 


STATE LOGIC 


Figure 1. The UC2906 in a Dual Level Float Charger 


UC2906 

UC3906 
the charger a low current turn on mode. The output cur- 
rent of the charger is limited to a low-level until the battery 
reaches a specified voltage, preventing a high current 
charging if a battery cell is shorted. Figure 2 shows the 
state diagram of the charger. Upon turn on the UV sense 
circuitry puts the charger in state 1, the high rate bulk- 
charge state. In this state, once the enable threshold has 
been exceeded, the charger will supply a peak current 
that is determined by the 250mV offset in the C/L ampli- 
fier and the sensing resistor Rs. 


To guarantee full re-charge of the battery, the charger’s 
voltage loop has an elevated regulating level, Voc, during 
state 1 and state 2. When the battery voltage reaches 
95% of Voc, the charger enters the over-charge state, 
state 2. The charger stays in this state until the OVER- 
CHARGE TERMINATE pin goes high. In Figure 1, the 
charger uses the current sense amplifier to generate this 
signal by sensing when the charge current has tapered to 
a specified level, loct. Alternatively the over-charge could 
have been controlled by an external source, such as a 
timer, by using the OVER-CHARGE INDICATE signal at 
Pin 9. If a load is applied to the battery and begins to dis- 
charge it, the charger will contribute its full output to the 
load. If the battery drops 10% below the float level, the 
charger will reset itself to state 1. When the load is re- 
moved a full charge cycle will follow. A graphical repre- 
sentation of a charge, and discharge, cycle of the dual 
lever float charger is shown in Figure 3. 


+ 
BATTERY (VB) 


ENABLE 
COMP. 
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OPERATION AND APPLICATION INFORMATION (continued) 


Design procedure 
1.) Pick divider current, ID. Recommended value is 
50uA to 100uA. 
2.) Re=2.3V/Ip 
3.) Ra+ AB= Rsum=( VF- 23VY Ip 
4.) Ro = 2.3VRsum/(Voc - Ve ) 
5.) Ra=(Rsum+ Ax) (1 -2.3V/Vrn - 
where: Ax = ReRp/(Re + Ro) 
——— 6.) Re= Rsum - RA 
STATE 1 | 7.) Rs = 0.25V/Imax 
STATE 1: BULK CHARGE 8.) Rr=(Vin- Vr-2.5V)/Ir 


STATE 2: OVER CHARGE 


STATE 3: FLOAT CHARGE Ne ee eee 
= 0.90 VF 
a | a: locT = LMAX 
CHARGER OUTPUT CURRENT , 10 | 
, | For further design and application information see 


UICC Application Note U-104 


< 
g 
3 





Figure 2. State Diagram and Design Equations for the Dual Level Float Charger 


INPUT 
SUPPLY 
VOLTAGE — 


CHARGE 
VOLTAGE 


CHARGE 
CURRENT 


STATE 
LEVEL 
OUTPUT 


OC 
INDICATE 
OUTPUT 


OC ; 
TERMINATE. 


INPUT —— 
(C/S OUT) | STATE 1 | STATE 2 bla 3| STATE 1 


Explanation: Dual Level Float Charger 


. Input power turns on, battery charges at trickle current rate. output, in this case tied to the OC TERMINATE input, 

. Battery voltage reaches VT enabling the driver and turning goes high. The charger changes to the float state and 
off the trickle bias output, battery charges at IMAX rate. holds the battery voltage at VF. 

. Transition voltage V12 is reached and the charger indicates F. Here a load (IMAX) begins to discharge the battery. 
that it is now in the over-charge state, state 2. G. The load discharges the battery such that the battery 

. Battery voltage approaches the over-charge level VOC and voltage falls below V31. The charger is now in state 1, 
the charge current begins to taper. again. 

. Charge current tapers to lOCT. The current sense amplifier 


Figure 3. Typical Charge Cycle: UC2906 Dual Level Float Charger 
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UC2906 
UC3906 


OPERATION AND APPLICATION INFORMATION (continued) 


Compensated Reference Matches Battery Requirements 


When the charger is in the float state, the battery will be 
maintained at a precise float voltage, VF. The accuracy of 
this float state will maximize the standby life of the battery 
while the bulk-charge and over-charge states guarantee 
rapid and full re-charge. All of the voltage thresholds on 
the UC2906 are derived from the internal reference. This 
reference has a temperature coefficient that tracks the 
temperature characteristic of the optimum-charge and 
hold levels for sealed lead-acid cells. This further guaran- 
tees that proper charging occurs, even at temperature ex- 
tremes. 


Dual Step Current Charger Operation 


Figures 4, 5 and 6 illustrate the UC2906’s use in a differ- 
ent charging scheme. The dual step current charger is 
useful when a large string of series cells must be 
charged. The holding-charge state maintains a slightly 
elevated voltage across the batteries with the holding cur- 
rent, 1H. This will tend to guarantee equal charge distribu- 
tion between the cells. The bulk-charge state is similar to 
that of the float charger with the exception that when V12 
is reached, no over-charge state occurs since Pin 8 is tied 
high at all times. The current sense amplifier is used to 
regulate the holding current. In some applications a series 
resistor, or external buffering transistor, may be required 





Figure 4. The UC2906 in a Dual Step Current Charger 


at the current sense output to prevent excessive power 
dissipation on the UC2906. 


A PNP Pass Device Reduces Minimum Input to Out- 
put Differential 


The configuration of the driver on the UC2906 allows a 
good bit of flexibility when interfacing to an external pass 
transistor. The two chargers shown in Figures 1 and 4 
both use PNP pass devices, although an NPN device 
driven from the source output of the UC2906 driver can 
also be used. In situations where the charger must oper- 
ate with low input to output differentials the PNP pass de- 
vice should be configured as shown in Figure 4. The PNP 
can be operated in a saturated mode with only the series 
diode and sense resistor adding to the minimum differen- 
tial. The series diode, D1, in many applications, can be 
eliminated. This diode prevents any discharging of the 
battery, except through the sensing divider, when the 
charger is attached to the battery with no input supply 
voltage. If discharging under this condition must be kept 
to an absolute minimum, the sense divider can be refer- 
enced to the POWER INDICATE pin, Pin 7, instead of 
ground. In this manner the open collector off state of Pin 
7 will prevent the divider resistors from discharging the 
battery when the input supply is removed. 


+ 
BATTERY (VB) 


ENABLE 
COMP. 
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UC2906 
UC3906 


OPERATION AND APPLICATION INFORMATION (continued) — 


IMAX + IH 


ee Ra 7 
1) Vi2 = 95 Vrer (+ BA, Ba) 
RA) | 
2.) VF = VREF (hee) 
3) V21 = 9 VF 
— _.25V 
4.) IMAX = or 
STATE 1 5) In = -029V. 
RSH 


y 
: 
: 
: 
: 
: 


STATE 1: BULK CHARGE 
STATE 2: HOLDING CHARGE 


CHARGER OUTPUT CURRENT 





Figure 5. State Diagram and Design Equations for the Dual Step Current Charger 


INPUT 
SUPPLY 
VOLTAGE 


CHARGE 
VOLTAGE 


CHARGE 
CURRENT 


ae 
LEVEL ON 


| STATE 1h STATE 2A STATE 1 


A. Input power turns on, battery charges at a rate of IH + IMAx. | D. When VF is reached the charger will supply the full 

B. Battery voltage reaches V12 and the voltage loop switches current IMAX + IH. 
to the lower level VF. The battery is now fed with the holding E. The discharge continues and the battery voltage reaches 
current lH. V21 causing the charger to switch back to state 1. 


Explanation: Dual Step Current Charger 


C. An external load starts to discharge the battery. 





Figure 6. Typical Charge Cycle: UC2906 Dual Step Current Charger 
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INTEGRATED 
CIRCUITS 


eee UNITRODE 


Primary Side Controller 


FEATURES 


Optimized for Offline Operation 
Toggle Option for 45% (UC7501) 
90% Duty Cycle Limit (UC7503) 


Over-Current Protection via 
Frequency Reduction 


Low Standby Current for 
Current-Feed Startup 


Current-Mode or Voltage-Mode 
Control 


Built-in User-Adjustable Slope 
Compensation 


Functionally Integrated & 
Simplified 5-Pin Design 


Miniature Surface Mount U-PAK-5 
(1 Watt) Package 


BLOCK DIAGRAM 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. ¢ MERRIMACK, NH 03054 
TEL. (603) 424-2410 ¢ FAX (603) 424-3460 


UC7501/7503 
ADVANCED 
INFORMATION 


DESCRIPTION 


The UC7501/7503 is a primary side controller for switching mode power 
supplies. It is suitable for both voltage-mode and current-mode control and 
has advanced features not available in controllers with an even higher pin 
count. The key to full functionality in a 5-pin package is that the current sig- 
nal and the error signal are added together and fed into the feedback pin. A 
sawtooth current flowing out of the feedback pin provides slope compensa- 
tion, in proportion to the resistance terminating that pin. If the sum of the 
current signal and error signal exceeds the Over Current Detector thresh- 
old, indicating that the Current Control Detector loses control of the switch 
current, the charging current of the timing capacitor will be reduced to 25% | 
for the remainder of the period. The reduced charge current leads up to a 
four-fold reduction in switching frequency, effectively preventing short-cir- 
cuit current runaway. 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage VCCMAX s..0.¢ sxe dec antdtes mach omase oe Shasa wae Rey 17V 
Power Dissipation : 

UC7501/7503 U&D (Note 1)... 0... ccc ee eee ees 1000mW 

UG7501/7503Sd: (NOG: 2). oc cant eeaks cae bs VOkGt kc em ee etieewsesed 825mW 
Junction Temperature... 2... cc cece eee ee eee ees 150°C 
Storage Temperature Range. ......... 20... cece eee ene -55 to +150°C 
Lead Soldering Temp. (10 S€C.) 2... cc eee eee ees 300°C 
Operating Temperature Range 

(COMINGICIAN) 2 bide dias ols b.wt Seveie ala eo de tea Wa ae Se aca ae ae 0 to +70°C 

CIAGUSIM AN x & waraoe & 0s sian axed Goetite ty os Se arte dese Ap area NE ah ard treed -40 to +85°C 

CONTRO Yi sc a5 hE acd cei as Vd dere to age i aro eto wf ci i -55 to +125°C 


Note 1: Power dissipation must be derated at the rate of 8 MW/°C for operation at 
TA = 25°C and above. 

Note 2: Power dissipation must be derated at the rate of 6.6 mW/°C for operation at 
TA = 25°C and above. 


U-PAK-5 
J or N Package 


DIL-8 (TOP VIEW) 
J or N Package 


DRV 11] 

PWR GND |2! 
GND [3] 

Cr L4 


Note: 8-PIn Power SOIC also available-Designated "DP" 
SUffix. 
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INTEGRATED 
CIRCUITS 


aan UNITRODE 


Error Signal Isolator 


FEATURES 


Eliminates Opto-Coupler in Feedback Design 
Replaces UC431 and Eliminates Parasitic Zero 
Pulse Transformer Driver 

Same Transformer for Any Output Voltage 
Peak Current Controlled : | 
Automatic Volt-Second Balancing 

Self-Running Oscillator | 

Hi-Performance Op Amp & Bandgap Reference 


Functionally Integrated & Simplified 5-pin 
Design 


Miniature Surface Mount U-PAK-S5 (1 Waitt) 
Package 


BLOCK DIAGRAM 


CURRRENT 
DETECTOR 


ee 
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~ UC7502 
_ ADVANCED 
“INFORMATION 


DESCRIPTION — 
The UC7502 is designed to monitor the output voltage of a 


“power supply, generate an error signal, and transmit the error 


signal through an isolation barrier using a small pulse trans- 
former. In conjunction with the pulse transformer, it replaces the 
UC431/optocoupler combination and eliminates the undesirable 
zero created by that combination. The transformer is driven 
with pulse amplitude modulation in a free-running oscillator 
configuration. The period of oscillation is proportional to the 
pulse transformer inductance. The voltage pulse magnitude is 
internally limited so that the pulse transformer design need not 
be changed for various output voltages. | 


ABSOLUTE MAXIMUM RATINGS , 
Input Voltage VCCMAX. 2.0... eee eee ree 17V 


Power Dissipation (Note 1) 0.0... . 0... ccc eee ete eee -. IW 
Junction Temperature ......... 0.0.00: ere 150°C 
Storage Temperature Range................0000. -55 to +150°C 
~Lead Soldering Temp. (10 sec.).. 0.0.0... eee ees 300°C 
Operating Temperature Range 
(GOMMEOICA). ic cvs urea sep teb eh dea eee wi eee as 0 to + 70°C 
UNGUSIAl is c.5 4 i bors hee oy gra miars wah iene eee rere: -40 to +85°C 
(MINAIY) 2 ew Sec Saas ENO paalwaraias ters ac -55 to +125°C 


Note 1: Power dissipation must be derated at the rate of 8 mW/°C for 
operation at TA = 25°C and above. 


U-PAK-5 
J or N Package 


DIL-8 (TOP VIEW) 
J or N Package 


DRV 11 
GND [21 
NC 13] 
INV L4! 


16} Voc 
15] GND 
14} COMP 


Note: 8-Pin Power SOIC also available-Designated "DP" suffix. 
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INTEGRATED 
CIRCUITS 


me LINIITRODE 


Precision Adjustable Shunt Regulator 


FEATURES 


¢ Multiple On-Chip Programmable Reference 
Voltages 


* 0.4% Initial Accuracy 
* 0.7% Overall Reference Tolerance 


- 2.2V to 36.0V Operating Supply Voltage and 
User Programmable Reference 


- 36.0V Operating Supply Voltage 


« Reference Accuracy Maintained For Entire 
Range of Supply Voltage 


* Superior Accuracy and Easier Compensation 
for Opto-Isolator Application 


¢ Improved Architecture Provides a Known 
Linear Transconductance with a + 5% Typical 
Tolerance 


ABSOLUTE MAXIMUM RATINGS 


SUDpIY VORAGO. Voie ainsi ae eee te. 36V 
Regulated Outout: V ou... sscccsececcccssssseneececcsesaneesnens 36V 
internal Resistors: R1, RZ, RB eee eeeeee 13V 
E/AIDDUL- SENSE exo caois i udlvnciumsehesenoszecnlettais ates 6V 
E/A Compensation: COMP uu... ccecesccsecsesecteeeeeeeeees 6V 
Output Sink Current: | oo. cececesseneeceeeeeeeees 140mA 
Power Dissapation at T, < 25°C (DIL-8) ............... 1W 
Derate 8mW/°C for T, > 25°C 

Storage Temperature Range ............. -65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) ....+300°C 
Note: All voltages are with respect to GND 


All currents are positive into the specified terminal 


BLOCK DIAGRAM 





UC19431 
UC29431 
UC39431 


PRELIMINARY 


DESCRIPTION 


The UC 19431 is an adjustable shunt voltage regulator with 100mA 
sink capability. The architecture, comprised of an error amplifier 
and transconductance amplifier, gives the user separate control of 
the small signal error voltage frequency response along with a fixed 
linear transconductance. A minimum 3MHz gain bandwidth prod- 
uct for both the error and transconductance amplifiers assures fast 
response. In addition to external programming, the IC has three 
internal resistors that can be connected in six different configura- 
tions to provide regulated voltages of 2.82V, 3.12V, 5.1V, 7.8V, 
10.42V, and 12.24V. Asister device (UC 19432) provides access to 
the non-inverting error ampilifer input and reference, while elimi- 
nating the three internal resistors. 


CONNECTION DIAGRAMS 


SOIC-8 (TOP VIEW) 
D Package 


DIL-8 (TOP VIEW) 
N or J Package 
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PIN DESCRIPTIONS 


COLL: The collector of the output transistor with a maxi- 
mum voltage of 36V. This pin is the output of the 
transconductance amplifier. The overall open loop voltage 
gain of the transconductance amplifier is gmeRL, where gm 
is designed to be -140mS +10% and RL represents the 
output load. | 


COMP: The output of the error amplifier and the input to the 
transconductance amplifier. This pin is available to com- 
pensate the high frquency gain of the error amplifier. It is 
internally voltage limited to approximately 2.0V. . 


GND: The reference and power ground forthe device. The 
power ground of the output transistor is isolated on the chip 
fromthe substrate ground used to bias the remainder of the 
device. 


SENSE: The inverting terminal of the error amplifier used 
as both the voltage sense input to the error amplifier and its 
other compensation point. The error amplifier uses the 
SENSE input to compare against the 1.3V on-chip refer- 
ence.\ 


UC19431 
UC29431 
UC39431 


The SENSE pin is also used as the under-voltage lock out 
(UVLO). It is intended to keep the chip from operating until 


the internal reference is properly biased. The thresholdis .. 


approximately 1V. It is important that once the UVLO is 
released, the error amplifier can drive the transconductance 


amplifier to stabilize the loop. If a capacitor is connected 


between the SENSE and COMP pins to create a pole, it will 
limit the slew rate of the error amplifier. Additional load 
current or a slower power turn-on than the error amplifier 
slew rate willbe necessary to assure start-up. To increase 
the bandwidth and ensure start-up at low load current, it is 
recommended to create a zero along withthe pole as shown 
in the shunt regulator application. The error amplifier must 
slew 2.0V to drive the transconductance amplifier initially 
on. 


R1, R2, R3: Connection points to the three internal resis- 


tors. — 


VCC: The power connection for the device. The minimum 
to maximum operating voltage is 2.2V to 36.0V. The 
quiescent current is typically 0.50mA. 


Electrical Characteristics: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C and Pin 1 Output = 
2.4V to 36.0V for the UC 19431, Ta = -25°C to +85°C and Pin 1 Output = 2.3V to 36.0V for the UC29431, and Ta = 0°C to +70°C © 
and Pin 1 Output = 2.3V to 36.0V for the UC39431, Vcc = 15V, Icou. = 10mA, Ta = Ty. 





PARAMETER | 
Reference Voltage Tolerance 
Reference Temperature Tolerance 


Reference Line Regulation 


Reference Load Regulation 
Sense Input Current 
Minimum Operating Current 
Collector Current Limit 
Collector Saturation 
Transconductance (gm) 
5.1V Reference 

12.24V Reference 

Error Amplifier Avot 

Error Amplifier GBW 


Transconductance Amplifier GBW 





Internal Divider 







H 


1295 
1291 


130 
1.1 


[50] 


-153 -127 
5.15 
12.12 12.36 
3.0 


3 





Note: The internal divider can be configured to give six unique references. These references are 2.82V, 3.12V, 5.1V, 7.8V, 10.42V, 
12.24V. 
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UC19431 
UC29431 
UC39431 


5.1V 
OUTPUT 


Hy the 
a 


area 
Lae 22.4k apes 
16k 
5.10 
8 | 


FIGURE 1: Typical 5.1V Shunt Regulator Application 





MAG-AMP CONTROLLER APPLICATION 

The 0.4% initial reference makes the UC19431 ideal as a output voltage range. Since the non-inverting error ampli- 

programmable shunt regulator. By adding two external fier input is not available, a5.1k non-inverting input imped- 

resistors, the on-chip 1.3V reference can be gained to any ance is added to the input of the error amplifier. This allows 

voltage between 2.2V (2.4V for the UC19431) and 36.0V. the user to choose the SENSE pin input impedance to 

The input bias current is typically maintained at0.2uA forthe cancel the minimal offset voltage caused by the input bias 
current. 


RESISTOR DIVIDER CONNECTION TABLE FOR SHUNT AND OPTO APPLICATIONS 
To obtain the shunt regulated or opto-coupler sensed voltage specified in the left column, connect the internal 
resistors (R1, R2, R3) as indicated. | 


sty | pen | COLL pint) 
Pew | coe | wren 


) 
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SENSE (pin 7) 









SENSE (pin 7) 


FREQUENCY COMPENSATION 


The UC19431 shunt regulator is designed with two 
independant gain stages. The error amplifier provides 90dB 
of gain with a typical gain bandwidth product of 5 MHz. The 
error amplifier provides sufficient gain in order for the sense 
voltage to be accurately compared to the 1.3V on-chip 
reference. Complete control of the frequency response of 
the error amplifier is accomplished with the COMP pin. By 
putting negative feedback across the error amplifier, either 
a pole or a pole-zero can be added. 


The second gain stage is the transconductance (gm) ampli- 
fier. The gm amplifier is designed with a known linear - 
140mS of transconductance. The voltage gain is conse- 
quently gm*Ro, where Ro is the output impedance at the 


VSENSE 


21k 


FIGURE 2: 15.0V Shunt Regulator Application 


OPTOCOUPLER APPLICATION 


The two amplifier circuit architecture employed in the 
UC 19431 is most advantageous for the optocoupler applica- 
tion. The error amplifier provides a fixed open loop gain that 
is available to apply flexible loop compensation of either 
poles or zeroes. A fixed transconductance amplifier pro- 


UC19431 
UC29431 
UC39431 


collector pin. The frequency response of the 
transconductance amplifier is controlled with the COLL pin. 
The gain bandwidth product of the gm amplifier is typically 
3MHz. A pole or pole-zero can be added to this stage by 
connecting a capacitor or a series capacitor and resistor 
between COLL and GND. | 


The compensation of a control loop containing the UC 19431 
is made easier due to the independant compensation capa- 
bility of the error amplifier and gm amplifier. As shown inthe 
applications information, a pole-zero is created with a series 
resistor and capacitor between SENSE and COMP. The 
pole created is dominant,while the zero is used to increase 
the bandwidth and cancel the effects of the pole created by 
the capacitor between the COLL and GND pins. 





vides a linear current source compared to the typical 
transistor’s exponential output characteristics. It also elimi- 
nates the traditional optocouplers CTR variations with 
power supply and voltage, and the need to suffer the 
additional voltage drop of a series resistor. 
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FIGURE 3: Mag Amp Controller Application 


MAG-AMP CONTROLLER APPLICATION 


The UC19431 makes an excellent controller for mag amp _ saturable reactor provides highly efficient control, requiring 
regulated outputs. Working from either asquarewavedrive only a reset current which can be generated from its own 
or from a PWM signal controlled by another output, a output. 





2 nO 
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< 
a 
a. 
TEMPERATURE (C’) FREQUENCY (HZ) 
FIGURE 4: Internal 1.3V REF vs. Temperature FIGURE 5: Error Amp Voltage Gain and Phase vs. Frequency 
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Precision Analog Controller 
FEATURES | 


Programmable Transconductance for Optimum 
Current Drive 


Accessible 1.3V Precision Reference 
Both Error Amplifier Inputs Available 
0.7% Overall Reference Tolerance 
0.4% Initial Accuracy 


2.2V to 36.0V Operating Supply Voltage and User 
Programmable Reference 


Reference Accuracy Maintained for Entire Range 
of Supply Voltage 


Superior Accuracy and Easier Compensation for 
Opto-lsolator Application , 


Low Quiescent Current (0.50mA Typ) 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage: VC oes cseeeescseeeeeceseeseeeeeeees 
Regulated Output: VCO... cccscsssssseeesssessseeeeeeesn 
E/A Input: SENSE, E/A+............cccccccccessssssseeeeeeeeees 
E/A Compensation: COMP. ..................:ssssssceeeeeeeees 
Reference Output: REF ...............c:cccccssccsseceeeeeees oe 
Output Sink Current: ICOLL «00... cece eects 
Output Source Current: ISET ec cssssssssccssssseeens 


Power Dissapation at Ta < 25°C (DIL-8) 


Storage Temperature Range............ -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) ..+300°C 


Derate 8mMW/°C for Ta > 25°C 


Notes: All voltages are with respect to GND 


All currents are positive into the specified terminal 


BLOCK DIAGRAM 


UC19432 
UC29432 


UC39432 
PRELIMINARY 


DESCRIPTION 


The UC19432 is an adjustable precision analog controller with 
100mA sink capability if the IseT pin is grounded. A resistor 
between Iset and ground will modify the transconductance while 
decreasing the maximum current sink. This will add further 
control in the opto-coupler configuration. The trimmed precision 
reference along with the non-inverting error amplifier inputs are 
accessible for custom configurations. A sister device, the 
UC19431 adjustable shunt regulator, has an on-board resistor. 
network providing six pre-programmed voltage levels, as well as 
external programming capability. 


CONNECTION DIAGRAMS 


DIL-8 (TOP VIEW) 
J or N Package 


SOIC-8 (TOP VIEW) 
D Package 
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PIN DESCRIPTIONS 


COLL: The collector of the output transistor with a maxi- 
mum voltage of 36V. This pin is the output of the 
transconductance amplifier. The overall open loop voltage 
gain of the transconductance amplifier is gm*RL, where gm 
is designed to be -140mS +10% and RL represents the 
output load. 


COMP: The output of the error amplifier and the input to the 
transconductance amplifier. This pin is available to com- 
pensate the high frquency gain of the error amplifier. It is 
internally voltage limited to approximately 2.0V. 


GND: The reference and power ground for the device. The 
power ground of the output transistor is isolated on the chip 
fromthe substrate ground used to bias the remainder of the 
device. | 


SENSE: The inverting terminal of the error amplifier used 
as both the voltage sense input to the error amplifier and its 
other compensation point. The error amplifier uses the 
SENSE input to compare against the 1.3V on-chip refer- 
ence. 


The SENSE pin is also used as the under-voltage lock out 
(UVLO). It is intended to keep the chip from operating until 
the internal reference is properly biased. The threshold is 
approximately 1V. It is important that once the UVLO is 
released, the error amplifier can drive the transconductance 


UC19432 
UC29432 
UC39432 


amplifier to stabilize the loop. If a capacitor is connected 
between the SENSE and COMP pins to create a pole, it will 
limit the slew rate of the error amplifier. Additional load 
current or a slower power turn-on than the error amplifier 
slew rate will be necessary to assure start-up. To increase 
the bandwidth and ensure start-up at low load current, it is 
recommendedto create a zero along withthe pole as shown 
in the shunt regulator application. The error amplifier must 
slew 2.0V to drive the transconductance amplifier initially 
on. 


Vcc: The power connection for the device. The minimum 
to maximum operating voltage is 2.2V to 36.0V. The 
quiescent current is typically 0.50mA. 


IseT: The current set pin for the transconductance amplifier. 
The transconductance will be -140mS as specified in the 
electrical table if this pin is grounded. If a resistance RL is 
added to the IseET pin, the resulting new transconductance is 
calculated using the following equation: gm= -0.714/ (5.1 + 
Ri). The maximum current willbe approximately Imax= 0.6V/ 
(5.1 + RL). . 


REF: The output of the trimmed precision reference. It can 
source or sink 10 mA and still maintain the 1% temperature 
specification. 


E/A+: The non-inverting input to the error amplifier. 


ELECTRICAL CHARACTERISTCS: unless otherwise stated, these specifications apply for Ta = -55°C to +125°C and Pin 1 
Output = 2.4V to 36.0V for the UC 19432, Ta= -25°C to +85°C and Pin 1 Output = 2.3V to 36.0V for the UC29432, and Ta=0°C to +/0°C. 
and Pin 1 Output = 2.3V to 36.0V for the UC39432, Vcc = 15V, Ico. = 10mA, Ta= Ty. 







PARAMETER 


Reference Voltage Tolerance Ta= 25°C 


Reference Temperature Tolerance Veco. = 5.0V 





Vcc = 2.2V to 36.0V 


Transconductance (gm) (Note 1) 


| TEST CONDITIONS 


Reference Line Regulation Vcc = 2.2V to 36.0V, Vcoit = 5V 
Reference Load Regulation Icot.= 10mA to 50mA, Vcott = 5V 


Minimum Operating Current Vcc = 36.0V, Vcoit = 5V 
Collector Current Limit (Note 1) Veco. = Vcc = 36.0V, Ref = 1.35V, ISET = GND 
Collector Saturation Vcc = 2.2V to 36.0V, Icott = 20mMA 


Vcc = 2.2V to 36.0V, Veoit = 3V, Icott = 20mA, ISET = GND 
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NO 
Oo 
on 
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ELECTRICAL CHARACTERISTICS (Continued) 


UC19432 
UC29432 
UC39432 





Note 1: Programmed transconductance and collector current limit equations are specified in the Iser pin description. 








FIGURE 2: 5.5V Over-Voltage Comparator with Hysterysis 


UNITRODE IINTEGRATED CIRCUITS 
7 CONITNENTAL BLVD. » MERRIMACK, NH 03054 
TEL. (603) 424-2410 + FAX (603) 424-3460 


OVER-VOLTAGE COMPARATOR APPLICATION: 


The signal Vin senses the input voltage. As long as the input 
voltage is less than 5.5V, the output is equal to the voltage 
on Vin. During this region of operation, the diode is reversed 
biased which keeps the EA+ pin at 1.3V. When Vin exceeds 
the over voltage threshold of 5.5V, the output is driven low. 
This forward biases the diode and creates hysteresis by 
changing the threshold to 4.5V. | 


OPTO-COUPLER APPLICATION: 


The opto-coupler application shown takes advantage of the 
accessible pins REF and |ISET. The ISET pin has a 33 ohm 
resistor to ground that protects the opto-coupler by limiting 
the current to about 20mA. This also lowers the 
transconductance to approximately 19mS. The ability to 
adjust the transconductance gives the designer further 
control of the loop gain. The REF pin is available to satisfy 
any high precision voltage requirements. 


ort NON OA AH OC 
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UCC183-0/-3/-5 
UCC283-0/-3/-5 
UCC383-0/-3/-5 


Low Drop Out 3 Ampere Linear Regulator Family 


FEATURES 
Precision Positive Series Pass 
Voltage Regulation 


0.45V Drop Out at 3A 
Drop Out Under 2mV at 10mA 


Quiescent Current Under 650uA 
Irrespective of Load 


Adjustable (5 Lead) Output 
Voltage Version 


Fixed (3 Lead) Versions for 3.3V 
and 5V Outputs 


Logic Shutdown Capability 


Short Circuit Power Limit of 
3% * VIN * ISHORT 


Low VouT to VIN Reverse 
Leakage 


Thermal Shutdown 


BLOCK DIAGRAM 


3.5/5A Current 
Reference 


3% Duty Cycle 
Current Limit 
Timer 


Reverse Voltage 
Sense 


Thermal 
Shutdown 
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DESCRIPTION ADVANCED INFORMATION 


The UCC183-0/-3/-5 family of positive linear series pass regulators are tailored 
for low drop out applications where low quiescent power is important. Fabri- 
cated with a BiCMOS technology ideally suited for low input to output differen- 
tial applications, the UCC183-5 will pass 3A while requiring only 0.45V of 
typical input voltage headroom (guaranteed 0.6V drop out). These regulators 
include reverse voltage sensing that prevents current flow in the reverse direc- 
tion. Quiescent current is always less than 650nA. These devices have been 
internally compensated in such a manner that the need for a minimum output 
Capacitor has been eliminated. . 


UCC183-3 and UCC183-5 versions are in 3 lead packages and have preset 
outputs at 3.3V and 5.0V respectively. The output voltage is regulated to 1.5% 
at room temperature. The UCC183-0 versions, in a 5 lead package, regulate 
the output voltage programmed by an external resistor ratio. 


Short circuit current is internally limited. The device responds to a sustained 
over-current Condition by turning off after a TON delay. The device then stays off 
for a period, TorF, that is 32 times the TON delay. The device then begins puls- 
ing on and off at the TON/TOFF duty-cycle of 3%. This drastically reduces the 
power dissipation during short circuit and means heat sinks need only accom- 
modate normal operation. On the 3 leaded versions of the device TON is fixed 
at 500us, on the adjustable 5 leaded versions an external capacitor sets the on 
time -- the off time is always 32 times Ton. The external timing contro! pin, CT, 
on the five leaded versions also serves as a shutdown input when pulled low. 


Internal power dissipation is further controlled with thermal overload protection 
circuitry. Thermal shutdown occurs if the junction temperature exceeds 165°C. 
The chip will remain off until the temperature has dropped 40°C. 


The UCC183 series is specified for operation over the full military temperature 
range of -55°C to +125°C. The UCC283 series is specified for operation over 
the industrial range of -40°C to +85°C, and the UCC383 series is specified from 
0°C to +70°C. These devices are available in 3 and 5 pin TO-220 power pack- 
ages. For other packaging options please consult the factory. | 


Current 
Limit 


Voltage 
Amplifier 


eo 


1 


* § Leaded Version Only. 


UCC183-0 
UCC183-3 


UCC183-5 
UDG-93002 
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UCC183-0/-3/-5 
UCC283-0/-3/-5 
<2 ~ UCC383-0/-3/-5 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the 
: ~ UCC383-X series, -40°C to +85°C for the UCC283-X, and -55°C to +125°C for the 
UCC183-X, VIN = VouT + 1.5V, louT = OmA, CIN = 10pF, CouT = 22pF, Cr = 
1500pF for the UCC183-0, Ty = Ta. i 


TEST CONDITIONS MIN | TYP | MAX [UNITS] 


_ PARAMETER 
UCC183-5 Fixed 5V, 3A Family | 
Output Voltage 


Ty = 25°C 
_ Line Regulation —_.. 
Load Regulation 
_ Output Noise Voltage | 
Drop Out Voltage, VIN - VoUT 


ouT = OmA to 3A 
OUT 3A, VOUT = 4.85V 
ouT 10mA, VouT = 4.85V 


<ji< ololimionl|<|oO 
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=P 
o 
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=) 
~~ 
. z= | 
N 
rs 
@ & 
oO on 
| ola 
on — co) re jee 
ale ela} | jglelleis| isiaiglg 
. ola 


Vout = OV 

our = OV 

out = OV 

f = 120Hz, VouT - VIN > 1.5V, ILoAD = 3A 

| QuiescentCurent | 
: OV < VIN < VouT, VouT < 5.1V, at VIN 


77) 


UCC183-3 Fixed 3.3V, 3A Family 
















Output Voltage Ts25C 0d 85 | 88 
| LineRegulation Vin 345VtotOV 
| Load Regulation = lour=OmAto3A | | 88 | mv 
| Output Noise Voltage TU = 25°C, BW=10Hzto10KHz || 200 || Vrms 

Drop Out Voltage, VIN - Vou floursa,Vour=315v | or | ot 
| Peak Current Limit Vou = OV | (45 | 5 | 6 | A | 
| OverCurentThreshold | 8 tl | fT 
|_Current Limit Duty Cycle Vour=ov CT 8 | TD 
| Over Current Time Out, Ton [Vou = OV | 330 | 500 | | ps 
|_Ripple Rejection f= 120Hz, Vour-Vin> 1.6V,woan=3A | 6o | || 
|| 400 | 650 | pA | 

| re 
| ee ee 


Reverse Leakage Current V < VIN < VouT, VOUT < 3.35V, at VOUT 
. V < VIN < VOUT, VOUT < 3.35V, at VIN 


UCC183-0 Adjustable Output, 3A Family So 





| PeswatingVotage et ADYPh fy 26°@ ——_—____ 4 1281 125 127 ma 
Over Temperature | 128 | OV 

| Line Regulation, at ADJ input |Vin=Vour+150mVtotov, =| | tT mv 
| Load Regulation, atADJInput_ —lour=OmAto3A | 2m 
Output Noise Voltage T= 25°C, BW=10Hzto10KHz || 200 || Vrms | 
Drop Out Voltage, VIN - VouT VIN > 4V, louT = 3A | | 045 | o6 | ve 
VIN>3V,tour=15A | 45 || OG | 

| | VIN>3V,lour=10mA_ | 80 ‘| 100 

| PeakCurrentLimit = [Vour=Ov,Vin=65V0 | | A 
3 | 35] 4 | a | 


VIN = 6.5V : 
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UCC383-0/-3/-5 
ELECTRICAL Unless otherwise stated, these specifications hold for TA = 0°C to 70°C for the UCC383-X 
CHARACTERISTICS (cont.): series, -40°C to +85°C for the UCC283-x, and -55°C to +125°C for the UCC183-X, VIN = 
VouT + 1.5V, louT = OmA, Cin = 10nF, CouT = 22uF, Ct = 1500pF for the UCC183-0, Tu = 
TA. 


PARAMETER | testconpiTions | MIN | TyP | Max [UNITS] 


UCC183-0 Adjustable Output, 3A Family (cont.) 


Current Limit Duty Cycle 
Over Current Time Out, TON VouT = OV, CT = 1500pF 


~ 
88) 


4 
8) 
Oo 


| Ripple Rejection = 120Hz, VouT - VIN > 1.5V, ILOAD = 3A 
Reverse Leakage Current OV < VIN < VouT, VouT < 10V, at VouT 


OV < VIN < VouT, VouT < 10V, at VIN 
Bias current at ADJ Input 


f ao 
Quiescent Current a eee ee 
Shutdown Threshold At Crt Input 
Quiescent Current in Shutdown VIN = 10V 


w 
Oo 
> 
a 


PREP Bel 
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a UNITRODE 
Low Power Pulse Width Modulator 





>  CC1570 
B , 
= 


UCC2570 
eS UCC3570 


PRELIMINARY 


FEATURES DESCRIPTION 

¢ Low Power BiCMOS Process The UCC1570 family of pulse width modulator controllers is intended for appli- 

© 85yA Start-up Current cation in isolated switching supplies using voltage mode feedback. Made with 
: BiCMOS, this device features low start-up current for efficient bootstrap supply 


¢ 1mA Run Current operation, while maintaining the ability to drive a power MOSFET gate at fre- 
¢ 1A Peak Gate Drive Output quencies above 500kHz. Voltage feed-forward provides fast and accurate 
° Voltage Feed Forward response to wide line voltage variations without the noise sensitivity of current- 


mode control. Fast current limiting is included with the ability to latch off after a 


ne ed ee ae. programmable number of repetitive faults has occurred. Additional versatility is 


Clamp provided with a minimum duty-cycle clamp programmable within a 20% to 80% 
¢ Opto Coupler Interface range. a 
¢ 500kHz Operation 
¢ Soft Start : 


¢ Fault Counting Shutdown 


¢ Fault Latch Off or Automatic 
Restart 


BLOCK DIAGRAM 


GENERATOR 
4.5V 


RAMP 


ac & 
Se > ® 1013 ae 
SLOPE [7] 
<— 13 ; s 13] GND 


RAMP [10 


4v_sCOHIGH 


FEEDBK [8 | 
SOFTST [14 


CURRENT 
LIMIT 
CURLIM [2] 


COUNT [1] 


SHUTDOWN 
LATCH 
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UCC1570 


UCC2570 
| UCC3570 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Current Limited Supply 10mA).................... Self Limiting 
Supply Current ... 0.0.0.0... 0c cece eee nee See ee ere he ee 20mA 
Analog Inputs (CURLIM, VFWD, FEEDBK).................0 cece eee eee eee 6V 
Programming Current (I (SLOPE), 1(ISET))......... 0... cece eee eee ees -1mA 
Output Current (I(OUT)) .. 2.0... 0.00. ce eee eee OO ye 734656468 180mA 
ee eee eee ee eee Pulse (0.5us)...... 1.2A 


Note: A// voltages are with respect to GND. Currents are positive into the specified terminal. 
CONNECTION DIAGRAMS 


DIL-14 (TOP VIEW) SOIC-14 (TOP VIEW) PLCC-20 (TOP VIEW) 
N or J PACKAGE D PACKAGE L Or Q PACKAGE 


8 14 
9 10 11 12 13 





ELECTRICAL Unless otherwise stated, these specifications apply for Ta = 0 to 70°C for the UCC3570, Ta= -40 to 
85°C for the UCC2570, Ta=-55 to 125°C for the UCC1570, R(ISET)=100k, R(SLOPE)=121k, 
CHARACTERISTICS Ceeeg=1 80pF, C(RAMP)=150pF, VCC=10V and TA=Ty. 


| PARAMETER |= CTESTCONDITIONS | MIN | TYP | MAX |UNITS| 


Reference 











PVREF CL VCC=101013V, (VREF)=0t02mA | 49 | 5 | 5 | OV 
| LineReguiation SS vCC=tOto tv 10 om 
| Load Regulation I (VREF)=Oto2mA | | | 10 | mv 
| Short Circuit Current sVREF-ove tt | 580: ma 
vcc 

EC ri Rr erearrnes: 1 on fn Gee 
p vino) 8 ft 
pvec TT qveccy=toma 185 | ts | 1 | 
| MvCo) Stat VCC=1IV, VCC Comparatoron | | 85 | 150 | pA | 
| vec)Run VCC Comparatoron | tt | ma 






| VthHigh LineComparator =| | | 
| VthLowLineComparator | Cds | tf 05 | 
plibvEWD) i | 100 


Oscillator 


Frequency 90 t0 Ft Tite 


Ramp Generator 





| MRAMPY(SLOPE) | | tt 
P-WRAMPYISET) = tot | 
| PeakRampVoitage | Cd | | | 
| ValleyRampVoltage | Cd 8 || 1.05 
SET 95 | tf 05 | | 





ELECTRICAL 


UCC1570 
UCC2570 
UCC3570 


Unless otherwise stated, these specifications apply for TA = 0 to 70°C for the UCC3570, Ta= 


CHARACTERISTICS (cont.) -40 to 85°C for the UCC2570, Ta=-55 to 125°C for the UCC1570, R(ISET)=100k, | 


R(SLOPE)=121k, C(FREQ)=180pF, C(RAMP)=150pF, VCC=10V and Ta=Ty. 


TEST CONDITIONS 
VCC=1 


| 1V, VCC Comparator Off 


PARAMETER 
Soft Start 


I(SOFTST)A(ISET) 
Pulse Width Modulator 

lib(FEEDBK) 

FEEDBK 






Current Limit 


Note 1: This parameter guaranteed by design but not 100% tested in production. 


PIN DESCRIPTION 

VCC: Chip supply voltage pin. Bypass to PGND with a 
low esl/esr 0.1mF capacitor. Lead lengths must be mini- 
mum. 


PGND: Ground pin for the output driver. Keep connec- 


tions less than 2cm. Carefully maintain low impedance 
path for high current return. 


OUT: Gate drive output pin. Connect to the gate of a 
power MOSFET with a resistor greater than 2 ohms. 
Keep connection lengths under 2cm. 


VFWD: Voltage Feed Forward and Line Sense pin. Con 
nect to input DC line using a restive divider. 7 


SLOPE: Program the charging current for RAMP with a 
resistor from this pin to GND. This pin will follow VF WD. 


FEEDBK: Input to the pulse width modulation compara- 
tor. Drive this pin with an opto coupler and a resistor to 
VREF. Modulation input range is from 1 to 4V. 


ISET: A Resistor from this pin to GND programs RAMP 
discharge current, FREQ current, SOFTST current, and 
COUNT Current. | 


RAMP: Ramp Pin. Connect a capacitor to GND. Rising 
slope is programmed by current in SLOPE. This slope is 
compared to FEEDBK for pulse width modulation. The 
failing slope is programmed by the current in ISET and 
used to limit maximum duty cycle. 


FREQ: Oscillator pin. Program frequency with a capaci- 
tor to GND. 


oO 


Zero Duty Cycle — | 
Maximum Duty Cycle, Note 


Pl(CURLIM) Pt f t00 Fn | 
| VihCurentLimit 180 | 200 | 220 | mv 
| VthShutdown | 500 | 600 | 700 


Fault Counter 


Vt 8 fi fe | iv 
PVs | 100 mv | 
(COUNTISET) pf ot ft ft Tn 
Output Driver a — 
(QUT)=-100mA Pf os | a Tv 
(QUT)=100mA Bee Aw 
| RiseFallTime = (CUT)=INF,Note? = CE S| 20 | 100 | ns | 


Cc 
= 
a 
H 


TYP 







2 
< 


VREF: Precision 5V reference, and bypass point for in- 

ternal circuitry. Bypass this pin with 0.1pF to GND. 

GND: Chip ground. Connect to a low impedance ground 

plane containing all analog low current returns. 

ae ST: Soft start pin. Program with a capacitor to 
D. 


COUNT: Program the time that fault events will be toler- 
ated before shut down occurs with a capacitor and 
resistor to GND. | 


-CURLIM: Current Limit Sense pin. Terminates OUT 


gate drive pulse for inputs over 0.2V. Enables fault 
counting function (COUNT). For inputs over 0.6V, the 
chip is immediately shut down. 7 


FUNCTIONAL DESCRIPTION 


Power Sequencing 
VCC normally connects through a high impedance (R5) 
to the rectified line, with an additional path (R6) to a 
low-voltage, bootstrap winding on the power trans- 
former. VFWD normally connects to a divider (R1 and 
R2) from the rectified line. For circuit activation, the fol- 
lowing conditions are all required: _ 

1.VFWD between 1 and 4V 

2.VCC has been under 9V (to reset the shutdown latch) 

3.VCC over 13V 

4.VREF over 4.5V 
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FUNCTIONAL DESCRIPTION (cont.) 


At this time, the circuit will activate. (VCC) will increase 
from its start up value of 85yA to its run value of 1mA. 
The capacitor on SOFTST is charged with a current de- 
termined by 
-(SOFTST) = 1V/R4. 

When SOFTST rises above 1V, output pulses will begin 
and I(VCC) will further rise to a level dictated by gate 
charge requirements. With output pulses, the low voit- 
age bootstrap winding should now power the controller. 
lf VCC falls below 9V, the controller will turn off and the 
start sequence will reset and retry. 


VCC Clamp 
An internal shunt regulator clamps Vcc so that it will not 
exceed 15V. 


Output Inhibit 
During normal operation, OUT is driven high at the start 
of a clock period and back low when RAMP either 
crosses FEEDBK or equals 4V. If, however, any of the 
following occur, OUT is immediately driven low for the 
remainder of the clock period: 
1.VFWD outside the range of 1 to 4V 
2.CURLIM greater than 0.2V 
3.FEEDBK or SOFTST less than 1V 
Normal output pulses will not resume until the beginning 
of the next clock period free of the above conditions. 


Current Limiting 
CURLIM is monitored by two internal comparators. The 
current limit comparator threshold is 0.2V. If the current 
limit comparator is triggered, OUT is immediately driven 
low and held low for the remainder of the clock cycle 
providing pulse-by-pulse over-current control for exces- 
sive loads. This comparator also causes CF to be 
charged for the remainder of the clock cycle. The charg- 
ing current is 

-|(COUNT) = 1V/R4 
If repetitive cycles are terminated by the current limit 
comparator causing COUNT to rise above 4V, the Shut- 
down Latch is set. The COUNT integration delay feature 
can be bypassed by the Shutdown Comparator which 
has a 0.6V threshold. The Shutdown Comparator imme- 
diately sets the Shutdown Latch. RF in parallel with CF 
resets the COUNT integrator following transient faults. 
RF must be greater than 4 * R4. 


Latched Shutdown 

If CURLIM rises above 0.6V, or COUNT rises to 4V, the 
shutdown latch will be set. This will force OUT low, dis- 
charge SOFTST and COUNT, and reduce I(VCC) to 
approximately 1 mA. When, and if, VCC falls below 9V, 
the shutdown latch will reset and I(VCC) will fall to 
85pA, allowing the circuit to restart. If VCC remains 
above 9V, an alternate restart will occur if VFWD is mo- 
mentarily reduced below 1V. External shutdown 
commands from any source may be added into either 
the COUNT or CURLIM pins. 


Deadtime Control 
The voltage waveform on RAMP has independently 


UCC1570 

UCC2570 

UCC3570 
controlled rising and falling edges. At the start of the 
clock period, RAMP is at 1V and rises to 4V. It then dis- 
charges back to 1V and awaits the next clock period. 
OUT can only be high during the rising part of the wave- 
form, while it is positively blanked off during the falling 
portion. Setting the -dV/dt slope by R4 from ISET to 
GND establishes a minimum deadtime. The minimum 
deadtime is: 


td = 0.3* R4* CR. 
Choose R4 between 20k and 200k and Cr greater than 
50pF. In order to have a pulse at OUT in the next clock 
period, RAMP must fall to 1V prior to the end of the cur- 
rent period. If it does not, OUT will remain low for the 
entire next clock period. 


Voltage Feed-Forward 
The +dV/dt on RAMP is made proportional to line volt- 
age. The slope is 


dV/dt = 10* VFWD/ (R3 * CR), 

where VFWD is line voltage scaled by R1 and R2. 
Therefore, a changing line voltage will accomplish an 
immediate proportionate pulse width change without 
any action from the feedback amplifier. This will result in 
constant volt-second drive to the power transformer pro- 
viding both international voltage operation, and 
excellent dynamic line regulation. VFWD is intended to 
operate over a 4:1 range (1 to 4V) with under and over 
voltage sensors set to drive OUT low if this range is ex- 
ceeded. Choose R3 between 20k and 200k. 


Frequency Set 


A capacitor from FREQ to GND will determine a con- 
stant clock frequency. Frequency is: 


F= 1.8/((R4 *CT). 

If required, frequency can be trimmed down from the 
above equation by the addition of RT from FREQ to 
GND. The reduction in frequency is a function of the ra- 
tio of RT/R4. RT should be greater than 2.4 * R4 for 
reliable operation. 

External synchronization can be accomplished by cou- 
pling a sliver pulse into a small value series resistor in 
the ground side of CT. The pulse width should be less 
than 5% of the oscillator period. 


Gate Drive Output 

The UCC1570 is capable of 1A peak output current. By- 
pass VCC with at least 0.1uF directly to PGND. Use a 
capacitor with low equivalent series resistance and in- 
ductance. The connection from OUT to the MOSFET 
gate should have a 2 ohm or greater damping resistor 
and the length should be minimized. A low impedance 
connection must be established between the MOSFET 
Source (or the bottom of the current sense resistor), the 
VCC bypass capacitor and PGND. PGND should then 
be connected by a single path (shown as RGND in the 
application) to GND. 
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UCC1570 

UCC2570 

4 - UCC3570 
UCC1570 TYPICAL APPLICATION 7 






VIN 
SUPPLY 


| VREF 


FEEDBK 


OSCILLATOR 
CLOCK 







4Vv 
VARIABLE FIXED 
SLOPE Yq SLOPE 
R1 RAMP 
. CAPACITOR 
10 +13 1V 
R2 | | < | 
PWM BLANKING 
RANGE 





. , CLOCK 
10*14 eh on | Moos ath Sale | 


FEEDBK _}_ _ 





RAMP 


HIGH Vin LOW Vin FAULT Vin 
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CLOCK GENERATOR 
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UCC1570 
UCC2570 
UCC3570 
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LI] CIRCUITS UCC1800/1/2/3/4/5 
UCC2800/1/2/3/4/5 
wee UNITRODE UCC3800/1/2/3/4/5 





Low-Power BICMOS Current-Mode PWM 


FEATURES DESCRIPTION 

e 100,A Typical Starting Supply Current The UCC1800/1/2/3/4/5 family of high-speed, low-power integrated 
circuits contain all of the control and drive components required for off-line 
and DC-to-DC fixed frequency current-mode switching power supplies with 
e Operation to 1MHz minimal parts count. 


e Internal Soft Start These devices have the same pin configuration as the UC1842/3/4/5 
family, and also offer the added features of internal full-cycle.soft start and 
internal leading-edge blanking of the current-sense input. 


e Internal Leading-Edge Blanking of the The UCC1800/1/2/3/4/5 family offers a variety of package options, 


e 500A Typical Operating Supply Current 


e Internal Fault Soft Start 


Current Sense Signal temperature range options, choice of maximum duty cycle, and choice of 

e 1 Amp Totem-Pole Output Critical voltage levels. Lower reference parts such as the UCC1803 and 

; UCC1805 fit best into battery operated systems, while the higher reference 

= 1 Ons Typical Response (om and the higher UVLO hysteresis of the UCC1802 and UCC1804 make 
Current-Sense to Gate Drive Output these ideal choices for use in off-line power supplies. 

* 1.5% Tolerance Voltage Reference The UCC180x series is specified for operation from -55°C to +125°C, the 


e Same Pinout as UC3842 and UC3842A UCC280x series is specified for operation from -40°C to +85°C, and the 
UCC380x series is specified for operation from 0°C to +70°C. 


ORDERING INFORMATION 


Part Number _ Maximum Duty Cycle Reference Voltage Turn-On Threshold Turn-Off Threshold 
UCCx800 100% : ‘6.9V 
UCCx801 50% ; 7.4V 
UCCx802 100% . 8.3V 





UCCx803 100% AN 3.6V 
UCCx804 50% . , 8.3V 
UCCx805 50% : 3.6V 


BLOCK DIAGRAM 





UCCx801 
Leading Edge UCCx804 
Blanking UCCx805 


Full Cycle 
Soft Start 


UDG92009-2 
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UCC1800/1/2/3/4/5 


| -UCC2800/1/2/3/4/5. 

| ie even ee , UCC3800/1/2/3/4/5 
ABSOLUTE MAXIMUM RATINGS (Note 1). CONNECTION DIAGRAM 
Supply Voltage (Low Impedance Source) ........cccssseseen 12.0V | 
Supply CWlent sce lea seni aenieeaes 30.0mA DIL-8 (TOP VIEW) §$SO-8 (TOP VIEW) 
OUT Current gaisectisteedeeusdcunacseeemneott neces: +1.0A J or N PACKAGE D PACKAGE 
OUT Energy (Capacitive Load)..............sccssccsssssesscesseee ces 20.0pJ | 
Analog Inputs (FB, CS) ............ccssscssseeseseceeesee eens -0.3V to 6.3V comp [T ner come [7 a] REF 
Power Dissipation at Ta < +25°C (N or J Package) .......... 1.0W 
Power Dissipation at Ta < +25°C (D Package) ............... 0.65W 7 ee vee FB [2 7} WCC 
Storage Temperature Range ........:....csscssseeees -~65°C to +150°C : CS [3) 16} OUT cs [3) 6] OUT 


RC [4| 15} GND RC {4} 15} GND 


Note 1: All voltages are with respect to GND. All currents are 
positive into the specified terminal. ta 
Note 2:Consult Unitrode Integrated Circuits databook for informa- | 
tion regarding thermal specifications and limitations of packages. 





ELECTRICAL SPECIFICATIONS Unless otherwise stated, these specifications apply for -55°sTas+125°C for UCC180x; 
| -40°sTas+85°C for UCC280x; 0°CsTas+70°C for UCC380x; VCC=10V (Note 3); 
RT=100k from REF to RC; CT=330pF from RC to GND; 0.1pF capacitor from VCC to 
GND; 0.01uF capacitor from VREF to GND. Ta=7j. 


| i 5 | UCC180X . - | 
PARAMETER __ TEST CONDITIONS UCC280X sss wee 


/MIN | TYP | MAX| MIN | TYP | MAX. 





Reference Section 


Output Voltage [_Tj=+25°C, 1=0.2mA, UCCx800/1/2/4 __—_—[ 4.925 | 5.00 [5.075] 4.925 | 5.00 | 5.075 
| Tj=+25°C, 1=0.2mA, UCCx803, UCCxB05_| 3.94 | 4.00 | 4.06 | 3.94 
Load Regulation 

Total Variation 4.88 

Output Noise Voltage 
Long Term Stabili 
OutputShort Circuit, | 


Oscillator Section 


Oscillator Frequency 
UCCx801, UCCx803, UCCx805, (Note 4) 
Temperature Stabili 
Amplitude _ 
Error Amplifier Section : 
Input Voltage COMP=2.5V; UCCx800/1 /2/4 
ae aaa Fe 
OpenLoopVoltageGain | 


COMP Sink Current | FB=2.7V, COMP=1.1V 





-. FB=1.8V, COMP=REF-1V 
PWM Section | | 


Maximum Duty Cycle UCCx800, UCCx802, UCCx803 
UCCx801, UCCx804, UCCx805 
Minimum Duty Cycle COMP=0V . 


Current Sense Section 


~ Input Bias Current 
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UCC1800/1/2/3/4/5 
UCC2800/1/2/3/4/5 
: UCC3800/1/2/3/4/5 
ELECTRICAL SPECIFICATIONS Unless otherwise stated, these specifications apply for -55°sTas+125°C for UCC180x; 
-40°sTas+85°C for UCC280x; 0°CsTas+70°C for UCC380x; VCC=10V (Note 3); 
RT=100K from REF to RC; CT=330pF from RC to GND; 0.1uF capacitor from VCC to 

GND; 0.01uF capacitor from VREF to GND. Ta=Tj. 


UCC180X 
PARAMETER TEST CONDITIONS UCC280X 















































| MIN | TyP | MAXx| MIN | TyP | MAX 
Current Sense Section (cont.) 
| CSBlankTime | CCi‘“CSCSC*r:«C8| {100 | 150 | 50 | 100 150 | ns | 
| Over-Curent Threshold | sd (8.85 | 1.47 | 1.601 1.95 [1.47 | 1.60] V_ | 
| COMPtoCcSOfset | csv Cs 45 f 90] 1.35] 0.45090] 1.35] V_ | 
Output Section 
OUT Low Level |=20mA, all parts | forloa] | o1 | o4, 
| 1=200mA,allpats | Sf 035 | 0.90] 0.35] 090] y 
| 1=50mA, VOC=5V, UCCx803,UCCx805 | 10.15 | 0.40] | 0.15 | 0.40 | 
| 1=20mA,VCC=OV, allpats | | 7 | 2 | | 7 | 1.2 | 
OUT High Vsat | t=-20mA,allparts | Sf 0.15 | 0.40] | 0.15 | 0.40 | 
Wec eel mma Tu ot Tete] v 
|_I=-50mA,VCC=5V, UCCx03, Uccx805_ | | 04 | 09 | | 04 | 089 | 
| fa | vot | at | vo | ns | 
| tag | 75 || 4a | 75 | ons 
Under-Voltage Lockout Section 
Start Threshold (Notes) | uccxeoo | | 72 | 7B | OG | 72] 78] | 
| ucoxsor = tC‘ | 4 | 102| 86 | 9.4 [102] | 
uccwine icerdos ___ fue} tan 13/118. 195) 198 f 
| ucexgos,uccxeos | 7 | 4 | 45 | 87 | 4d | 485 | 
Minimum Operating | uccxiso0— —( tCtC“‘iC SL | 7H [OS l GO| 75 | | 
Voltage after Start (Notes) | Uccxiao1 =“ <sCdT | 74 | BOL OB | 74 | 80] 
| Uccx8o2,uccxeog 7.6 | 8.3 | 9.0 | Hs} 88190) y 
| Uccxso3,uccx805 = | 2 | 3.6 | 4.0 | 32 | 36 | 40 | 
Hysteresis | uccxsoo— C—Ct;i‘“;*é‘éi | 8.3 [gs O.t2| 3 [OMB] 
|uccxsot | Ff eo | 2 | 2a | 
| Uccxeo2,uccx804 | 85 | 42 | 51 | 35 | 42 | 51 | Vv | 
| ucexeos,uccxsos — st 2 | 5 | OB | 2] OST OB] V | 





Soft Start Section 


| COMPRiseTime | FB=1.8V,RisefromosvtoREF-tv | | 4 | | | 4 | | ms | 


Overall Section 





| Start-up Current | VOC<StartThreshold =| fot | 2 | | 04 | 02 | mA _ 
| Operating Supply Current_| FB=ov,cS=<ov | fo | | | 5 | 1.0 | ma_| 
| VCC Zener Shunt Voltage | ICC=10mA (Notes) | 12 | 138.5 | 15 | 12 | 135/15 | OV 
|_Shuntto Start Difference | uccxso2,ucoxeoa fo | to] fos} to] | Vv 


Note 3: Adjust VCC above the start threshold before setting at 10V. 
Note 4: Oscillator frequency for the UCCx800, UCCx802 and UCCx803 is the output frequency. 
Oscillator frequency for the UCCx801, UCCx804 and UCCx805 is twice the output frequency. 


Note 5: Gain is defined by: A=-SYEOMP gy vos 0.8V 

A Ves 
Note 6: Parameter measured at trip point of latch with Pin 2 at OV. 
Note 7: Total Variation includes temperature stability and load regulation. 
Note 8: Start Threshold and Zener Shunt thresholds track one another. 
Note 9: Although guaranteed by design not 100% tested in production. 
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UCC1800/1/2/3/4/5 
| | UCC2800/1/2/3/4/5 

: UCC3800/1/2/3/4/5 

PIN DESCRIPTIONS ate 


COMP: COMP is the output of the error amplifier and the 
input of the PWM comparator. 


Unlike other devices, the error amplifier in the UCC3800 
family is a true, low output-impedance, 2MHz operational 
amplifier. As such, the COMP terminal can both source 
and sink current. However, the error amplifier is internally 
current limited, so that you can command zero duty cycle 
by externally forcing COMP to GND. 


The UCC3800 family features built-in full cycle Soft Start. 
Soft Start is implemented as a clamp on the maximum 
COMP voltage. 


FB: FB is the inverting input of the error amplifier. For 
best stability, keep FB lead length as short as possible 
and FB stray capacitance as small as possible. 


CS: CS is the input to the current sense comparators. 
The UCC3800 family has two different current sense 
comparators: the PWM comparator and an over-current 
comparator. 


The UCC3800 family contains digital current sense 
filtering, which disconnects the CS terminal from the 
Current sense comparator during the 100ns interval 
immediately following the rising edge of the OUT pin. 
This digital filtering, also called leading-edge blanking, 
means that in most applications, no analog filtering (RC 
filter) is required on CS. Compared to an external RC 
filter technique, the leading-edge blanking provides a 
smaller effective CS to OUT propagation delay. Note, 
however, that the minimum non-zero On-Time of the 
OUT signal is directly affected by the 
leading- edge- blanking and the CS to OUT propagation 
delay. | 


The over-current comparator is only intended for fault 
sensing, and exceeding the over-current threshold will 
cause a soft start cycle. 


RC: RC is the oscillator timing pin. For fixed frequency 
operation, set timing capacitor charging current by 
connecting a resistor from REF to RC. Set frequency by 
connecting a timing capacitor from RC to GND. For best 
performance, keep the timing capacitor lead to GND as 
short and direct as possible. If possible, use separate 
ground traces for the timing teas and all other 
_ functions. 


The frequency of oscillation can be estimated with the 


following equations: 








15 
UCCx800/1/2/4: | F= Rxc 
1.0 


where frequency is in Hz, resistance is in ohms, and 
Capacitance is in farads. The recommended range of 
timing resistors is between 10k and 200k and timing 
capacitor is 100pF to 1000pF. Never use a timing resistor 
less than 10k. | 


GND: GND is reference ground and power ground for all 
functions on this part. 


OUT: OUT is the output of a high-current power driver 
capable of driving the gate of a power MOSFET with | 
peak currents exceeding +750mA. OUT is actively held 
low when VCC is below the UVLO threshold. 


The high-current power driver consists of FET output 
devices, which can switch all of the way to GND and all 
of the way to VCC. The output stage also provides a very 
low impedance to overshoot and undershoot. This 
means that in many cases, external schottky clamp 
diodes are not required. 


VCC: VCC is the power input connection for this device. 
Although quiescent VCC current is very low, total supply 
current will be higher, depending on OUT current. Total 
VCC current is the sum of quiescent VCC current and 
the average OUT current. Knowing the operating 
frequency and the MOSFET gate charge (Qg), average 


~OUT current can be calculated from: 


louT = Qg x F- 


To prevent noise problems, bypass VCC to GND witha 
ceramic capacitor as close to the chip as possible and 
an electrolytic capacitor. 


REF: REF is the voltage reference for the error amplifier 
and also for many other functions on the IC. REF is also 
used as the logic pone! supply for high speed switching 
logic on the IC. 


When VCC is lower than the UVLO threshold, REF is 
actively held to GND. This means that REF can be used 
as a logic output indicating power system status. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


5-322 


INTEGRATED 
CIRCUITS 


ae UNITRODE 


Low Power, Dual Output, Current Mode 


PWM Controllers 


FEATURES 





BLOCK DIAGRAM 


BiCMOS Version of 
UC1846 Families 


1.4 mA Max Operating 
Current 


100A Max Start-up 
Current 


1.0 A Peak Output Current 
125 nSec Circuit Delay 
Easier Parallelability 


improved Benefits of 
Current-Mode Control 


cr [8] 
(-) CUR 
SENSE 3 


(+) CUR 
SENSE 


5.1V 
REFERENCE 
REGULATOR 
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UCC1806 
UCC2806 
UCC3806 
ADVANCED INFORMATION 


DESCRIPTION 


The UCC1806 family of BICMOS PWM controllers offers exceptionally improved per- 
formance with a familiar architecture. With the same block diagram and pinout of the 
popular UC1846 series, the UCC 1806 line features increased switching frequency 
capability while greatly reducing the bias current used within the device. With a typical . 
start-up current of 50 pA and a well defined voltage threshold for turn-on, these ~ 
devices are favored for applications ranging from off-line power supplies to battery 
operated portable equipment. Dual high-current, FET-driving outputs and a fast cur- 
rent sense loop further enhance device versatility. 


Of course, all the benefits of current-mode control including: simpler loop closing, volt- 
age feed-forward, parallelability with current sharing, pulse-by-pulse current limiting, 
and push-pull symmetry correction are readily achievable with the UCC 1806 series. 


These devices will be available with multiple package options for both thru-hole and 
surface-mount applications; and in commercial, industrial, and military temperature 
ranges. Contact factory for availability. 





7 CURRENT LIMIT 
ADJUST 


<a 0.350V 


he} SHUTDOWN 
1.00V¢ 00K 


REFERENCE LOW 
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UCC1806 


- UCC2806 — 

oo aes a ~ UCC3806 
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM = 
Supply Voltage, Low Impedance (Pin 15)... sesssessseesteceeees +15V DIL-16 (TOP VIEW) 
Supply Current, High Impedance (Pin 15).......... ee eeeteeee eee +25mA N Package 
Output Supply Voltage (Pin 13)... ee csececeneeeecerereeseneeseeees .+18V 
Output Current, Continuous Source or Sink................. weeeeet/-200MA 2 o ae 7 
Output Current, Gate Drive ...........essessseeteseeerensenstsnesees +/-500mMA aay | 16] Shutdown 
Analog Input Voltage (Pin 3,4,5,6, 16).................-0.3V to +VIN + 0.3V | 
Sync Output Current (Pin 10)............ Riise enaehiaeus +/-30MA 
Error Amplifier Output Current (Pin 7)........... +10mA/- is Self Limiting 
Power Dissipation at Tc = 25°C (Note 3)......... eee eeseeeeeeeee 1000mW 
Power Dissipation at Tc = 25°C (Note 3)... eeeeseeeee 2000mW 
Storage Temperature Range............ccecssssssesssereees -65°C to +150°C 
Lead Temperature (soldering, 10 seconds)...............:ceseeeeee +300°C 
Note 1: All voltages are with respect to Ground, Pin 12. 
Note 2: Currents are positive into, negative out of the specified 

terminal. = 

Note 3: Consult packaging section of databook for thermal! 


limitations and considerations of package. 
Note 4: Pin Numbers refer to DIL-16 pkg. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for 
UCC1806; -40°C to +85°C for the UCC2806 and 0°C to +70°C for the UCC3806; VIN = 
12V, RT = 33k, CT = 330pF, Caypass on VREF = .O1nF, TA = Ty. 


UCC1806 
: UCC3806 
TEST CONDITION beeen 

































REFERENCE SECTION 

| Output Voltage | T= 25°C, lo=0.2mA_ ss 5.05 | 5.10 | 5.15 | 5.02 | 5.10 | 518 | V_ | 
| Load Regulation | (O2MAclo<SmA CEC CT | OS CT | 8m 
| Temperature Stability sss | NoteS = (ss CC | | 2 | 0 | mvc | 
| Total Output Variation | Line, Load, Temperature sss] 150 | ~—Ss| 150 | -150 | i |_-150 
| Output Noise Voltage |= 10HZ<f<10kHz,Ty= 25°C (Note5)[| ss [| 7o | =| =| 7o | | pv | 
| Long Term Stability =| “TA=125°C,1000Hours(Note5) | | 5 | 25 | | 5 | 25 | mvV_| 
| Output Short Circuit, | C“‘“C;™SCOCCC(C*NC OCT CO] 30 | -10 |_| 30: |] mA_ 
OSCILLATOR SECTION 

| Initial Accuracy | Tue CC(sC“‘C’SCO;CO#CO#*d 4N:«|s«O49:«*|s57_*«| 37_-| 49 | 60 | kHz | 
| Temperature Stability | ~<TMN<TAcTmax(NoreS5) =o | S| 5 | CT CT S| 
ae ee eee ee 

VSYNC = 0.8V to 2.0V 

| Discharge Current ss | “Ty=25C,Ven8=20v =| Sd | 2 |) CUdT Cd mC 
|Sync, Vol —‘iYCsCdT stm —“‘“‘“(‘(‘im,SSCOCTCUhUdT OM TCUTCCUT ot | 
| Sync, Vow —~—“‘RCéQUT=-SMA—“(CC™~<“‘“‘(LC 2 *d|CU|LCLCUdE we | CUT CV 
| Syn, Vu—~—i‘idY:Cé@Pin' B=OV, PinQ=VRer  —Ss— “| CCT CT TCU CC | 
| Sync, ViH—C*id(SC‘éPin' @=OV, Pin Q=VRer —Ss| 20 | =| =~=Ehr | 20 | | Cr CV 
| SyncinputCurrent = TC C“‘M:SC et et et et 
| Input OffsetVoltage = ( s|  —“‘“‘(“‘(‘iYSSCSdTCTCUdT lh TT tf 
| InputBiasCurrent = | C“(ssS:*~“‘“CSSC*dYSCOCé*dSC NNN US tn) TT et 
| Input OffsetCurrent ss | —“‘“(‘(‘“(‘(<“‘(‘(‘(S*SsYTCC*drCCCCT S00 |_| 
| CommonModeRange sss] —(‘;™S™C™;™COCOC*drLC§#S) STs (<a aT wee | | ee | OV 
| OpenLoopGain ss | VoHt0to40 =——Ct—s—‘“‘(‘CS™CSd:«(C8Os«CS|C Ct || S| SC] 80 | 100 | BC 
| UnityGainBandwidth = | —“(i‘“‘“‘“‘i;S ts dT et 
| Output Sink Current. | Vin < -20mV, Vpw7=1.0V =| 1 | | | 1 | | | ma _| 
| Output Source Current ss] Vin < 20mV, VPiN7=3.0V —s—i'| 80 | -120 | ~—|_ -80 + | -120| =| pA | 
| OutputHighLevel sss |] Vo=S0mv rr —“‘“‘iC AS | ULTLLCLCUdEl | UCU UV 
| OutputLowLevel ss“ =| Vio=-Somv— (CT CT CUT TCE CC | 
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UCC1806 
UCC2806 
UCC3806 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for 
UCC1806; -40°C to +85°C for the UCC2806; and 0°C to +70°C for the UCC3806;Vin= 
12V, RT = 33k, CT = 330p F, Caypass on VREF = .O1pF, TA = Ty. 


UCC2806 | uecss06 
UCC3806 
UCC2806 UNITS 














PARAMETER TEST CONDITION 


| CURRENT SENSE AMPLIFIER SECTION 



































Amplifier Gain Vina = OV, VPiNi = VREF (Notes 3,4)| 2.7 
Maximum Differential Input Vpin1 = VREF, VPINS = VREF, eee Wd 
Signal (Vpin4-Vpin3) VPIN6 = OV 
Input Offset Voltage VPIN1 = 0.5V, VPIN7 = open a ee oe 
Vem = 0 to Vin - 3.5 6éo | | 
pean ey | 
Vein1 = 0.5, Pin7 open (Note3) | | Tt 
Veni = 0.5V, Pin7 open (Note 3) | 1 
Pns-0wisvacpivoe | | | 
Pin 3 = 0 to 1.5V step (Note 6 : 
CURRENT LIMIT ADJUST SECTION 
VPIN3 = O, VPINs = 0, Pin7 = open 0.40 | 0.5 | 0.60 | 
pene ees ae 
SHUTDOWN TERMINAL SECTION 
“Threshold Voltage] OO TE 
input Voltage Range i 
[Minimum Latching Current [OT 
[Maximum Non-Latching Current] |__| 200} 80 — 
Delay to Outpus_——S=S*dYVe OOTY SSS id 00 | id 8 
esl ele. fey 
Output Low Level Se een (Ge ee el eae sO 
isn toma oo at ot 
Output High Level isounce = -20mA id | is] | ee pate || 
ISOURCE= -100mA 1.67 #|[| 11 [116 [ [| Vv | 
Rise Time Ts = 25°C, CLOAD = 1000pF ee Ee ee ee ee ee ee 
| FallTime | TY = 25°C, Cload = 1000pF | | ef os | 85 | eS | Ss 
UNDER VOLTAGE LOCKOUT SECTION . 
| Startup Current | Vin Start Threshold =| S| 50 |_ 100 
Operating Supply Curent te 
CVn Shunt Volage | Tvw= Tom is ies | as 6 
Startup Threshold — pO EY 8 | es ee | 
a oc a a 


Note 1: All voltages are with respect to Ground, Pin 12. 
Note 2: Currents are positive into, negative out of the specified terminal. 
Note 3: Parameters measured at trip point of latch with Vpin5 = Vref, Vpin6 = OV. 
Note 4: Amplifier gain defined as: 

G = delta change at pin 7/delta change forced at pin 4 

delta voltage at pin 4 = 0 to 1V. 

Note 5: Not 100% tested in production. 
Note 6: Current Sense amp output is slew rate limited to provide noise immunity. 


UNITRIDE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 + FAX (603) 424-3460 
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(L_] smeeRar=? UCC1810 


UCC2810 
U ODE 

Se UCC3810 
ADVANCED INFORMATION 

Low-Power BiCMOS Dual Current-Mode PWM 

FEATURES ~ DESCRIPTION | 
e 100uA Typical Starting Supply The UCCx810 high-speed dual PWM integrated circuits implement two syn- 
Current chronous pulse-width modulators for use in off-line and DC-to-DC power sup- 
plies. 


e 750yA Typical Operating Supply 
Current . ; _ These devices provide perfect synchronization between two PWMs by using 
the same oscillator. This oscillator also provides a slow-rise, fast-fall waveform 


; Speen which can be used for slope compensation if required. 


° — Internal Soft Start Using a toggle flip flop to alternate between modulators, this IC ensures that 
e Internal Fault Soft Start | one PWM will not slave, interfere, or otherwise affect the other PWM. This tog- 
gle flip flop also ensures that each PWM will be limited to 50% maximum duty 


* Internal Leading-Edge Blanking eye, so that in most applications, stable current mode control will not require 
of the Current Sense Signal 


- slope compensation. 
* 1 Amp Totem-Pole Outputs These ICs contain many of the same elements of the UC3842 current mode — 
¢ 70ns Typical Response from controller family, combined wiht the. enhancements of the UCC3800 family so 
Current-Sense to Gate Drive that power supply parts count can be minimized. These enhancements include 
Output leading edge blanking of the current sense signals, full-cycle internal soft start, 


CMOS output drivers, and outputs which remain low even when the supply 


° % j 
1% Tolerance Voltage Reference voltage is removed. 


BLOCK DIAGRAM 


5 Leading 
Edg 
; Blank 


Output1 


VFB2 Comp2 Syne CT RT Enable2 Pwr Gnd 





UDG-92062 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
1/93 TEL (603) 424-2410 » TELEX 95-3040 | 
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ae UNITRODE 


Micropower Peak Current Mode Controller 


ISDN 1.430 RELATED FEATURES 


Zero-Power Startup Capability 
Restricted Mode Detection 

Precision Programmable Quiescent 
Current 

Very Low Quiescent Power for CCITT 
25mW Restricted Mode 
Programmable Continuous Input 
Current Limit 


GENERAL FEATURES 


Low-Power Peak Current Mode 
Controller 

Oscillator Synchronizes to Secondary 
Side Clock 

Leading Edge Blanking of Current 
Sense Waveform 

50% Maximum Duty Cycle 
Undervoltage Lockout with 
Hysteresis 

5V Vdd Logic Supply Regulator 
Programmable Low Line Sensing 
Programmable Soft Start 
Programmable Fault/Restart Delay 
Programmable Output Overload 
Fault Detection 





ANALOG 
CIRCUITS 


CLK 


SYNC 


1.2V = 


BLOCK DIAGRAM 
Vee 8 | 
9.5V 
Vpp 5 | 
Cc OSCILLATOR + 
ai f & TIMER 
Cor H 2] 
In INPUT IREF 
CURRENT 
Vumir 14] LIMIT 
Vine {3 
IMove —- [4 | 
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UCC1883 
UCC2883 
UCC3883 





DESCRIPTION 

The UCC 1883 is a peak current mode PWM controller designed to operate 
in conjunction with the UCC 1885 secondary-side regulation IC. Together 
these devices provide the features to implement a fully isolated switch mode 
power supply with improved output regulation. In addition, this combination 
of ICs will allow a converter to meet the guidelines set forth in CCITT ISDN 
recommendation 1.430. The chip set is intended mainly for use in DC/DC 
discontinuous flyback power converters, which are the most economical for 
developing multiple output voltages. Peak current mode control offers the 
advantages of pulse-by-pulse current limiting, automatic feed forward, and 
improved load response characteristics. The UCC1885 companion IC 
provides feedback control voltage and oscillator synchronization 
information to the UCC1883 via an isolation pulse transformer. The 
UCC1883 uses the feedback voltage and frequency information from the 
UCC1885 to determine the current loop control voltage, i.e. the voltage 
analog of the current commanded by the voltage loop. This internal control 
voltage is, in turn, used by the UCC1883 in a conventional peak current 
mode PWM circuit. Internal leading edge blanking of the current sense 
waveform eliminates the need for an external filtering network on the |... 
input. Whenin restricted mode or lightly loaded, the UCC 1883 operates with 
a minimum pulse width determined by the leading edge blanking circuit. This 
eliminates the spurious EMI generated if arbitrarily short output pulses are 
produced by the PWM. 


In addition to puise-by-pulse current limiting, an over current threshold is 
maintained. A fault condition may also be triggered by repeated peak current . 
limit conditions, through the use of the programmable output overload 
detector. If either of these faults is detected, OUT is immediately disabled, 
and a programmable restart period occurs before a soft start sequence is 
initiated. 

FAULT 


UVLO 
Py FAULT 
LOGIC 


ce SOFTSTART if Ur 
as) 
reson | | 
EDGE NH 
e BLANKING i 
Ha! 
ia 









& 


19] OUT 


OUTPUT 
DRIVER 







TO 


ISENSE 


SAMPLE 
& HOLD 


CsTaRT 


i6| FB+ 


FB- 


ISOLATION 
INTERFACE 
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ABSOLUTE MAXIMUM RATINGS 


SUPPIY VONAGE (Vos) sesevstatesncocesn ts etoedeihansecsendaante: 16.5V 
Maximum V,, SIEW Rate... cc cceeeteeeteereneens 10V/ms 
Maximum Voltage: . _ 
Paras’ Coranr Vines 
mover FB+, FB—, OUT, Vag ss eeeseeeee Voct 0.3V to 18V 
aN aaa insu aint aice date ata caivtee ats av caenenaaneNaa sce tiuaaths 7V 
Gia Vaca Co ee cect ten erieial Gates scatieaetiaetth Vopt 0.3V to 7V 
Digdea ge aae ess aeensaatodu are coveae saaetey Sap eanaet Maun wuamena ceteients 0.3V 
Minimum Voltage: 
NV ccippsiaubilea uannet vais acsuenscpanatvareeicomnenisen acs astentuea aa -Voo 
PINOUMOG FINS sesescseciemcsborta Aeniasiecnuare ice geeges -0.3V 


Maximum DC Current, Any Pin, Source or Sink...... 100mA 
Maximum Peak Current, Any Pin, Source or Sink ...500mA 


UCC1883 

UCC2883 

. | UCC3883 
DESCRIPTION (Continued) a 

ISDN-specific features allow the UCC 1883/UCC 1885 combi- 

nation to be compatible with CCITT recommendation 1.430. 

The linear pre-regulator is intended to control a depletion- 

mode NMOS pass transistor, such as a BSS129. Startup 


‘power drawn fromthe line can be reduced to zero if a bootstrap 


winding provides power to the UCC 1883 Vcc pin. An internal 
current comparator is provided to sense restricted mode 
directly fromthe input to the converter. Maximum input current 
may be accurately programmed and continuously limited with 
the use of an external PMOS pass transistor. Precision 
programming of the quiescent current used by the UCC 1883 
allows the system to meet the 25mW restricted mode power 
limit, or the current can be set to achieve higher operating 
frequencies at the cost of increased power consumption. 


The UCC 1883 is fabricated in Unitrode’s 3um BiCMOS pro- 
cess. Even though the device contains internal clamping 
diodes on all pins, the part should still be considered static 
sensitive. Normal ESD handling procedures for CMOS de- 


vices should be observed when using the UCC 1883. 


Total Package Dissipation (N package) ..................00 .1W 

Total Package Dissipation (D package) ................. 725mW 

Storage Temperature ...............ccceeeeeees — 65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) ............. 300°C 

Note 1: All voltages expressed with respect to pin 10, currents are positive into the specified terminal. 

Note 2: All maximum signal pin voltage limits apply for cases of zero source impedance. Higher or lower voltages 
may be impressed through a finite source impedance which causes the input current to be limited to the 
values specified, with total package power dissipation at or below specified limits. . 

Note 3: Consult Packaging Section of Databook for thermal limitations and considerations of package. 
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CONNECTION DIAGRAM 
DIL-16 J or N Package, SOIC-16 D Package 






UCC1883 
UCC2883 
UCC3883 


ELECTRICAL CHARACTERISTICS : (Unless otherwise noted, all specifications apply for Ta =0°C to + 70°C for the UCC3883, 
— 40°C to + 85°C for the UCC2883, — 55°C to + 125°C for the UCC1883; V,,, = 12V, V,, = 5V, R,,, = 200Kohms, C, = 100pF, Ta = Tj.) 


rsrowonows [wm | | wm [ome 


PARAMETER 











Va, Stat Threshod TY 0 
[vse Threshold Hysteresis [J 
LINEAR PRE-REGULATOR SECTION | 

Cas [5 103 
[Regulated V,.toUVLODala 200500700 
Ve, Overde Threshold ‘| to 
USER BIAS SECTION 

Res Volage Lino Regulation | T00VeV.<138V_____———SSSSSSS—Sd tp 
As a a 
INPUT CURRENT LIMIT SECTION 

REET ey Se ee 
T= 28°C, l= OV 
ia Line Regulation To ovevnetBV_— 080 
ToT Variation [intial + Line + Temperatre TB a 
LS a 
Via High Level Cig = -O2V Tout <tonA rt 
V, im Output Current ly = 70.2, Vie = — 3V | 3 | 6 | 14 JF mA | 


OSCILLATOR SECTION 





finial Accuracy OO OCSC~“*S*S*~*“‘“‘~*~é~*YSCiSdYSC( SCC 
[Voltage Stabiity____—~id«iC‘tooVV eV SCSCSC~C~—“S*S~*~CCS—s‘SSSd 
(Total Oscillator Variation | Iniial+ Line + Temperature —S~=~—“—*~*~*~—~—‘iCS TS OC*dYSC SC 


SOFT START SECTION 


Soft Start Current (source) Coan BBV 
Restart Delay Current (sink) Cont = OD 


FAULT HANDLING SECTION 


[Overload Current Sink «| Cas0VSCSC~C~C—CSCSSCSY SY 
(Overload Faut threshold =| —SSCSCSC—S—SSSSSSSSCSCSC“C~‘“‘“‘“‘“‘C;~*dYS A Cd 
[Over Current Threshoid | _——SSSSS—CSCSCSCSCSTC‘(! +A 
(See Figure 1) (Note 3) -_- | 100 [200 fs 


CURRENT SENSE SECTION 
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PWM LOGIC and OUTPUT SECTION 
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ou tntes 0 PRA ee 
7 lout = -100mA 10.5 | 1145 | - J Vi | 
OUT Rise Time Tj = 25°C, Cload = inF (See Figure 2) | | 25 Lf 75 Tons 
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UCC1883 
UCC2883 
UCC3883 


ELECTRICAL CHARACTERISTICS: (Unless otherwise noted, all specifications apply for Ta =0°C to + 70°C for the UCC3883, 
- 40°C to + 85°C for the UCC2883, — 55°C to + 125°C for the UCC1883; V,, = 12V, V,, = 5V, R,,,, = 200Kohms, C, = 100pF, Ta = Tj.) 


PARAMETER | TEST CONDITIONS 


ISOLATION INTERFACE SECTION 















ae ED 
se i cs 
[30 [300 | > Jas] 
ee Be a CE 
FLOLINE Status Tesh’ PSS 
[RSMODE Status Threshold [SSS 
V,, REGULATOR | } 
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TO.OV < Vag < T35V [030 
ce RL LL a 
oso [80 _f ma 








POWER SUPPLY 
DC Supply Current | a ee 
Be eas Sa ee 


Note 1: BSS129 (or equivalent) External Pass Element, 1uF Ceramic Bypass; see Figure 6. 
Note 2: Operating in Conjunction with UCCx885 Using Equal Valued R.,,,.. 
Note 3: This Parameter Guaranteed but not 100% tested in production. 
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FIGURE 1 FIGURE 2 


90% 


V(FB+) -V(FB-) 0 


tpw, IN tow, IN 
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APPLICATIONS INFORMATION 
UNDERVOLTAGE LOCKOUT and SOFT START 
When power is first applied to the UCC 1883, C.,.,, is held at 


V., until V.,, exceeds 9.0V and V_,, exceeds 4.4V. During this 
period of UVLO, the following state exists: 


1) Coan, is held low, 

2) OUT is held low, 

3) Vere is forced to V,,, until V,, > 4V, and 
4) Vm becomes a high impedance output. 


Once adequate operating voltages have been established, 
the input current limit function is enabled. C.,,,, and OUT are 
still held low until the voltage on the V,,,,. pin exceeds 1.2V, 
indicating ample voltage is stored on the converter’s bulk 
filter capacitor. At that time, C.,,., is released and allowed 
to charge from an internal 25uAcurrent source. The UCC 1883 
then begins to transfer energy to the secondary side of the 
converter by pulse width modulating the ramp voltage on C, 
against the charging voltage on C.,,.,. During this soft start 
period, all fault functions, pulse-by-pulse current limiting, and 
input current limiting are enabled. Note that the dV/dt estab- 
lished at the converter output by the positive dV/dt of C.,..., 
must be strictly less than the dV/dt established on the 
UCC1885 SOFTREF pin, if secondary-side soft start is 
utilized. The UCC 1883 continues the blind soft start proce- 
dure until the first set of communication pulses is received 
from the secondary side via the isolation interface. At that 
time, all control of the power switch is effectively transferred 
to the secondary-side regulation IC. Should communication 


QV 
(\pp 2 4.4V) 


UCC1883 
UCC2883 
UCC3883 


pulses never be received, or should they be discontinued 
during operation, blind PWM operation continues with the 
output pulse width limited by the internal 50% duty cycle 
clamp or pulse-by-pulse current limit with all fault processing 
enabled. 


USER BIAS PROGRAMMING 


The R,,,, pin may be used to set the amount of quiescent 
current consumed by certain analog circuits within the 
UCC1883. A resistor from this pin to V,, establishes a 
reference current according to the equation 

laias = 1.2V 

| pias 


Recommended range for R,,,, is 39.2 KQ to 392 KQ. Internal 
circuits on the UCC 1883 consume a total quiescent current 
of 91,5, Plus some fixed currents amounting to about 85uA 
at room temperature. Additional dynamic current consump- 
tion may be calculated with C,,, (see specifications), givena 
certain oscillator frequency f,,.. from the equation 


| =C i ° Veo of 


DYNAMIC OSC 


9.5V LINEAR PRE-REGULATOR 


The UCC 1883 contains a control amplifier, which when used 
with a depletion-mode NMOS pass transistor such as the 


AMAA 


4 
| 
' 
! 
' 


SHOWS RANGE 
OF POSSIBLE 
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WIDTHS 


PEAK CURRENT 
BLIND SOFT START —+]._wove REGULATION ____,» 
50% D.C. MAX 


START UP WAVEFORMS 
FIGURE 4 
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BSS129, can provide a9.5V linear pre-regulatorto supply V_,, 
directly from the input line. The depletion-mode device 
guarantees the regulator is self-starting. Bypass values less 
than 3.3uF are recommended when the pre-regulator is 
utilized. The pre-regulator may subsequently be fully dis- 
abled by a tertiary bootstrap winding providing a minimum of 
10.6V to the V,,, pin. Note that the UCC 1883 has 2V of UVLO 
hysteresis to allow use of more conventional startup circuitry, 
if the power consumption of such implementations can be 
tolerated. In these cases, any value of bypass capacitance 
is acceptable, although a minimum value of 0.01uF is recom- 
mended for all configurations. 


INPUT CURRENT LIMIT PROGRAMMING 


The UCC 1883 also incorporates the necessary control ampli- 
fier and current reference to implement a continuous input 
current limit mask conforming to CCITT recommendation 
1.430. When using this feature, the ratio of a sense and 
programming resistor determine the magnitude of the current 
passed by an external PMOS transistor. The PMOS device 
must be able to withstand the maximum input voltage seen by 
the converter, and its R,, will cause some reduction in 
efficiency during normal operation, due to conduction losses. 
Referencing the application diagram of figure 7, the control 
amplifier programs a peak input current according to the 
equation 
04 


R ; 
liar = (EF +1) ° 


_N 


fle 
ia! 
NU 
LN 
as 
\ 
R 


ICC (uA) 


UCC1883 
UCC2883 
UCC3883 


by moving the gate of the external PMOS device until equal 
voltage is impressed across R, and R,. In addition to the 
input capacitance of the PMOS pass device, some compen- 
sation capacitance from V, ,,,,, to V,, may be required. How- 
ever, too much capacitance on V, ,,,,, will increase the inrush 
current response time beyond that allowed by recommenda- 
tion 1.430. A total capacitance of between 330pF and 2.2nF 
is recommended. A shunt bleeder resistor should be added 
across the PMOS pass. transistor to facilitate converter 
startup. Due to the large values of resistance which will 
typically be encountered, a 10pF speedup capacitor across 
R, is suggested to help maintain good phase margin in the 
control loop. Aclamping diode across R, improves transient 
response by preventing excessive error voltage from being 
stored on the R, speedup capacitor during V,,,,,, slewing. 
Finally, a 12V zener clamp from V,,,,,, to V,, is recommended 
to protect the gate of the PMOS device from over voltage and 
to limit the voltage slew which must occur before entering the 
current limit state. During normal converter operation, when 
less than the programmed current limit is being drawn from 
the line, the control loop opens and V,,,,, moves to its 
maximum negative value, effectively turning the PMOS limit 
transistor into a series switch. | | 


Ifa more accurate current reference than that supplied by the 
UCC 1883 is desired, a precision resistor may be wired from 
an appropriate reference voltage to |,,,. Since |, is held at V,,, 





Reias (Kohms) 





AVERAGE DC CURRENT VS. R 


BIAS 


(V.c= 12V) NOT INCLUDING POWER SWITCH GATE CURRENT 


FIGURE 5 
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(ground) by the current limit control amplifier, the additional 
current created in this case is equal to the reference voltage 
divided by the external resistor. A reference of at least 2V is 
recommended to decimate errors caused by the input offset 
voltage of the contro! amplifier. Because the reference 
current provided by the UCC 1883 still sums into the |, pin, a 
minimum external reference current value of 4V/R,,,. is 
recommended to minimize errors caused by the initial toler- 
ance of the internal current reference. 


FAULT HANDLING 


Three fault conditions which immediately disable the output 
are detected by the UCC 1883 housekeeping circuitry. These 
are: 


1) UVLO, 
2) 1.5V or higher on the I,..... pin, and 
3) 1.5V or higher on the C,, integrator pin. 


Unlike the pulse-by-pulse current limit comparator, no lead- 
ing edge blanking is applied to the over current fault com- 
parator, which has a nominal 1.5V threshold. A capacitor to 
V,, May be used on the C,, pin to program the output 
overload fault integrator. The polarity of the 2.2uA current 
sourced by the internal circuitry driving the C,, pin potentially 
changes on each falling edge of OUT. Ifthe output pulse was 


UCC1883 


UCC1883 
UCC2883 
UCC3883 


terminated as the result of a peak current event, then current 
is sourced to C,, , otherwise current is sunk from C,, to V,.. 
If the voltage on C,, ever reaches 1.5V, a fault condition is 
set. 


If any fault condition is detected once UVLO has ended, the 
fault is latched and a restart delay elapses before a soft start 
is attempted. This delay is normally controlled by an internal 
1uA discharge of the C.,,., pin from V,,, to 0.2V. If a fault 
occurs during soft start, the output is immediately disabled, 
but Corsa, is fully charged (4.8V) before a restart delay 
begins. A fixed restart delay to soft start timing ratio of 25:1 
may be obtained with only acapacitor from C,,,,,,to V,,. This 
ratio may be decreased by adding an external resistor 
between C.,,,., and V,,. The value of this resistor should be 
greater than the value of the current programming resistoron 
the Ray, pin. 


ISOLATION INTERFACE 


In addition to receiving synchronization and duty cycle con- 
trol information from the secondary side of the converter, the 
UCC1883 isolation interface also transmits digital status 
information to the secondary side. This digital information 
reflects the state of two internal analog comparators which 
monitor the V, ,,. and |,,,5. pins. A voltage of less than 1.2V 


onV, is indicated by a true LOLINE bit, and an input current 


BSS129, OR EQUIV. 


TERTIARY 
WINDING 





9.5V PRE-REGULATOR APPLICATION 
FIGURE 6 
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of less than 2uA into the |,,,,. pin is interpreted as a true 
RSMODE (restricted power mode) condition. These digital 
bits are transmitted across the isolation barrier and appear as 
outputs on the UCC1885 secondary-side regulation IC. 
Recall that no UCC 1883 output will occur until a voltage 


~ greater than 1.2V is initially established on V., ,,.. 


Vp LOGIC SUPPLY 


The internal CMOS logic on the UCC1883 runs from a 
regulated SV which is available externally atthe V,, pin. This 
pin should be bypassed to V,, with a high quality ceramic 
capacitor having a value of atleast0.01uF. Values in excess 
of 10uF are not recommended. 


OSCILLATOR 


A timing capacitor is connected between C, and V., to 
program a natural oscillator frequency according to the 
equation 


j = -0-/2 
osc C.-R 


T " BIAS 





A ramp voltage running from V.,, to 2.5V is created on the C, 
pin. This oscillator is automatically synchronized to the 


UCC1883 | 


UCC1883 
UCC2883 
UCC3883 


secondary-side clock frequency when data communication 
occurs across the isolation interface. Proper synchroniza- 
tion will only occur if the frequency of the secondary-side 
clock exceeds the natural frequency of the UCC 1883 oscil- 
lator. A new oscillator cycle (ramp returns to V.,,) will be 
initiated on the rising edge of each positive isolation interface 
input pulse, with a corresponding decrease in ramp ampli- 
tude. The UCC1883 is designed so that the dV/dt estab- 
lished on its C, pin will be nominally the same as that of the 
UCC 1885 C, pin, if equivalent components are used on the 
Raiags and C, pins of both devices. However, the natural 
frequency of the UCC 1883 oscillator will automatically be 
lower, to allow synchronization. Proper C, ramp slope is 
important to the UCC 1883, because it uses this information, 
along with the pulses received over the isolation interface, to 
reconstruct the analog output of the UCC 1885 voltage 
error amplifier. This reconstructed voltage is in turn used to 
control the peak current mode PWM. The ratio of the slope 
of the UCC 1883 timing ramp to the UCC 1885 timing ramp 
sets the gain applied by the UCC 1883 to the UCC 1885 error 
amplifier output. 


Other variations of the UCC 1883 implementing voltage mode 
control, duty cycles greater than 50%, or faster natural 
oscillator.frequencies may be available. Contact the factory 
for further information. | | 
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FIGURE 10 
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DESCRIPTION | 

The UCC1885 supplies the necessary functions to implement a_ fully 
isolated, ISDN compatible SMPS meeting the guidelines of CCITT recom- 
mendation I.430, when used in conjunction with the UCC 1883 primary-side 
PWM controller. The UCC1885 secondary-side regulation IC provides 
improved regulation by allowing direct sensing of the output voltage on the 
secondary side of the DC/DC converter. The UCC 1885 contains a precision 
system reference and a complete error amplifier. The output of the amplifier 
serves as the PWM control voltage and is provided to the primary-side via 
an isolation pulse transformer. The UCC 1885 also sends synchronization 
information to the primary-side with this transformer. Under voltage lockout 
Circuitry operates in combination with the user programmable soft start 
function to prevent transmission of data across the isolation barrier until 
adequate secondary-side operating conditions are established. 


ISDN specific features allow the UCC1883/UCC1885 combination to be 
compatible with CCITT recommendation !.430. The UCC1885 receives 
two digital bits of status information from the UCC1883 via the 
isolation pulse transformer. These bits, which indicate restricted 
power mode and low input line voltage, are output on the secondary- 
side at CMOS logic levels. Precision programming of the quiescent 
current used by the UCC1885 allows the system to meet the 
25mW restricted mode power limit, or the current can be set to 
achieve higher operating frequencies at the cost of increased power 
consumption. 


The UCC1885 is fabricated in Unitrode’s 3um BiCMOS process. Even 
though the device contains internal clamping diodes on all pins, 
the part should still be considered static sensitive. Normal ESD 
handling procedures for CMOS devices should be observed when using 
the UCC 1885. 
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ABSOLUTE MAXIMUM RATINGS. 


Analog Supply Voltage (Vc) ..s:ssesesscseeeseeeesersesesseeeeenes 18V 
Maximum V_,, SIOW Rate .........:cceecsersseesteeeeeecneeterers 3V/mS 
Digital Supply Voltage (Vig) covscsssssssssssssesssescsssssssssesesseeeees 7V 
Maximum Voltage, All Signal Pins .............. Vop + 0.3V to 7V 
Minimum Voltage, All Pins 0.0.0.0... cee eee eeeneeeeecerene -0.3V 
Maximum DC Current, Any Pin, Source or Sink ........ 100m 

Maximum Peak Current, Any Pin, Source or Sink .....500MA 
Total Package Dissipation (N package) ................::se 1W 
Total Package Dissipation (D package) .................... 800mW 
Storage Temperature ................::ee ashen — 65°C to +150°C 
Lead Temperature (Soldering, 10 seconds)............... +300°C 


Note 1: All voltages expressed with respect to pin 10, currents 
are positive into the specified terminal. 


Note 2: All maximum signal pin voltage limits apply for cases of 
3 zero source impedance. Higher or lower voltages may 
be impressed through a finite source impedance which 
causes the input current to be limited to the values 
specified, with total package power dissipation at or 
below specified limits. 


Note 3: Consult Packaging Section of Databook for 
thermal limitations and considerations of package. 
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CONNECTION DIAGRAM | — UCC3885 
DIL-14, J or N Package, SOIC-14, D-Package 
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ELECTRICAL CHARACTERISTICS Unless otherwise noted, all specifications apply for T, -55°C to +125°C 1+=UCC1885 
for the UCC 1885; -40°C to +85°C for the UCC2885; 0°C to +70°C for the UCC3885 V,,, = V,, =5V, SYNC UCC2885 





= OV, R,,5 = 200Kohms, Ct = 100pF, and T, = T,(min) to T,(max) UCC3885 

| Min | Typ | Max | Units 
UVLO Section 

260 | 400] 600 | mV 

Voo= Voc 

VA OUT = VA IN(-) 


Reference Section 








rise [2 [2m] v1 
ee ee 
ee 
_ Initial + Line + Temperature 1.96 2.04 V 
al ead at 
Taf fe | a | 
[External Override Threshod —~SCS~SCSSS Sd 
ee ee ee 
User Bias Section 
= |e | 30 | mv 
ae ee ee 
Error Amplifier Section 
ee ee a 
VAING) = 2V, VA OUT = 1V ae ee 
[100 [= [100 [na] 
Vain = —TOmV, lout = 700uA = [ons ors fv 
R.,,, = 200K, Vdm = 10mV, lout = — 50uA [20 | 26 | - | vt 
Rayas = 39-2K, Vdm = 10mV, lout = — 250uA BO. Or |e ee 
VA OUT = OV, R= 382 Kohms 
Vem = 2V, 0.1 < VAOUT =<2.0V 110 
Com tsnveteecae | pana 2m ek bal Bk 
Vem = 2V, 0.1 < VAOUT =1V 70 110 
1V < Vem < 4V 
Raas = 200 Kohms, Cout = 25pF (Note 1) | 375 | 500 | - | KHz | 
Ras = 39-2 Kohms, Cout = 25pF (Note 1) | 46 | 22 | - | MHz 
p= | 22 | 33° | Kohms| 
Rag = 082K (Nove) [80675 ohms 
Fens = 200K, Cout = 25pF (Note 1) 140 250 | = 7 mV/us| 
pias = 39-2K, Cout = 25pF (Note 1) | 0.7 | 125 | - | Vis | 


Oscillator Section 





finial Accuracy Cd OSSCSC~C~“‘“*S*S*s**~C*~‘“‘“‘~‘—‘itCSC‘SCdC YC 
[votage Siablty__———~«dSWeVegeVmeV—SSSC~—~—“—C‘C*~‘“~‘iT +d td 
415 | - | 58 | Kz 
[c,RampAmpide | SSC~“<~*~C*‘“*~*~*~é~iCS SC! Pt 
[SYNC InputLow Voltage | —“(i*é‘“S*sSsdrY:C( | tt 
[SYNC inputHighVotage [SCS vf | - | - | 
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ELECTRICAL CHARACTERISTICS : Unless otherwise noted, all specifications apply for T, -55°C to +125°C UCC1885 
for the UCC 1885; -40°C to +85°C for the UCC2885; 0°C to +70°C for the UCC3885 V,,, = V,, = 5V, SYNC UCC2885 
= OV, R,,,, = 200Kohms, Ct = 100pF, and T, = T,(min) to T,(max) -_ UCC3885 


[——ranaweren | __resreonomons [wn | typ | wax [unns 


Oscillator Section (Continued) 

Maximum SYNC Rise, Fall Time _ (See Figure 1 and Note 1) 
Minimum SYNC Pulse Width (See Figure 1 and Note 1) 
Isolation Interface Section | 
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45 [| - | Vv 
Rload = 50 ohms to 5V | = _j 05 | oss | Vv 
Fecunatruce wisn [AS Seer ae rene oe pe 
BIAS — 3 

FB Oupu Pwwachng SSCS 
[Minimum FB input Pulse Width | (Soe Figure 2end Noe) te 
[Digital Status OutputHigh __[LOLNE, RSMODE, lou=~200uR_| #85 | 495 [- | v— 
[Digial Situs Oupit Low [LOLINE, ASMODE,Tout= S009 ———SidY;C~i iO 
Vip Regulator | | 
Voo < Vee: No External Load 47s | 5 | 525 [ Vv 
Vestine Regulator |W zV,,<165V__——SSSSSCSCSCSCS = 0 8 
[Wop bead Regulation |-SmAcTout<OmA | =| too | 50] mv 
To, equator Dropout ____[Noewemaltoad ————SSSSSSCSC~d C8 | 
[VopShor Grout Curent VeVi | 8070 
Power Supplies | 

a 
Cpe ete) = [iso [=F 


Notes: 1. This parameter not 100% tested in production, but guaranteed by design. 
2. Total power dissipation will be determined by associated isolation pulse transformer characteristics. A pulse 
transformer with a low loss core and at least 50H of magnetizing inductance is strongly recommended. 


90% 90% Vin 


50% 50% 50% 
10% 10% | 
SYNC 0% | Vi 


tpw 
ty tf 
OSCILLATOR SYNC TIMING 
FIGURE 1 


tpw, OUT 





FEEDBACK 1/0 TIMING 
FIGURE 2 
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APPLICATIONS INFORMATION 
UNDER VOLTAGE LOCKOUT 


When power is first applied to the UCC 1885, SOFTREF is 
held at ground until V,, exceeds 2.8V and V,,, exceeds 2.4V. 
Once adequate operating voltages have been established, 
SOFTREF is released and allowed to charge from an internal 
10uA current source. A capacitor from this pin to ground may 
be used to continue an output soft start after the UCC 1885 
takes control of the SMPS with feedback communication to 
the UCC 1883. Inthis case, the dV/dt established on SOFTREF 
must exceed the dV/dt established on the regulated output by 
the blind soft start being provided by the UCC 1883. Normally 
the SOFTREF pin will charge to 2.0V, the value of the internal 
precision reference. Once the internal reference voltage is 
reached, the current source is disabled andthe SOFTREF pin 
maintains an output impedance of 30KQ, which, acting with 





UCC1885 


UCC1885 
UCC2885 
UCC3885 


any soft start capacitance, will then form a single-pole refer- 
ence noise filter. 


ifthe use of an external reference (V,., > 2.5V) is desired, the 
soft start function can stillbe maintained on SOFTREF. Inthis 
case, the user must also supply a soft start resistor between 
the external reference and SOFTREF. The value of this 
resistor should be chosen such that the current sourced into 
the SOFTREF pin when the voltage reaches 2.0V is at least 
20uA, which will allow the UCC 1885 to sense the presence of 
an external reference. Once the external reference is sensed, 
the internal reference is disconnected from SOFTREF, mak- 
ing it high impedance and eliminating any DC error across the 
soft start resistor. The minimum value of the soft start resistor 





SOFT START WITH INTERNAL REFERENCE 
FIGURE 3 


Rstart 
20KQ 


SOFT REF 


UCC1885 


Cstart 





SOFT REF 


SOFT START WITH EXTERNAL REFERENCE 
FIGURE 4 
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(Not including Pulse Transformer Loses) 


FIGURE 5 


should be limited to allow SOFTREF to pull low during UVLO. 
The output impedance of SOFTREF during this phase of 
operation is about 300 ohms to ground. 


The final portion of the UCC 1885 UVLO sequence occurs 
when the output of the error amplifier increases above 1.15V. 
Normally this will not occur until the system reference has 
charged to some intermediate value. Assuming that ad- 
equate operating voltage has also been established, thenthe 
isolation interface on the UCC 1885 begins transmitting out- 
put pulse width control information to the UCC 1883 via an 
_isolation pulse transformer. The 1.15V required on the 
output of the error amplifier guarantees that the UCC 1885 
will initially begin transmitting information to the primary-side 


Reias = 392K 


ie, 


= 
= 
= 


10K 


aa Reias = 100K 
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PWM controller which keeps energy flowing to the secondary 
allowing the control loop to come into regulation. Once the 
isolation interface is enabled, the UVLO circuitry ignores all 
voltages appearing on the output of the error amplifier. 


USER BIAS PROGRAMMING 


The R,,,, Pin may be used to set the amount of quiescent 
current consumed. by certain analog circuits within the. 
UCC1885. A resistor from this pin to ground establishes a 
user bias current according to the equation 


1.2V 
R pias 
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FIGURE 7 


Recommended range for R,,,,, is 39.2 KQ to 392 KQ. Internal 
circuits on the UCC 1885 consume a total quiescent current 
of 9+ I.,.45: Plus some fixed currents amounting to about 50uA 
at room temperature. Additional dynamic current consump- 
tion may be calculated with C,,, (see specifications), givena 
certain oscillator frequency f,,,, from the equation 


lbynamic= Cep * Vpp * fosc 


Also note from the specifications that the voltage on R,,,, is 
well controlled and thus may be effectively used as another 
reference voltage in the system. 


Vp LOGIC SUPPLY 


The internal CMOS logic on the UCC 1885 requires a supply 
limited to 7V. If the value of V_,, is anticipated to be below 7V, 
then V,,, should be wired directly to V. and bypassed with at 
least 0.01uF. If V,, exceeds 7V, the UCC 1885 provides an 
internal SV regulator to the V,,, pin for running the onboard 
CMOS logic. Atthese higher V_,, voltages, the V,,, pin should 
be disconnected and bypassed with at least 0.01uF. Forthis 
case of internal regulation, V,,. bypass capacitance should 
not exceed 10uF. 


ERROR AMPLIFIER 


The UCC 1885 error amplifier is intended to be the control 
amplifier for the voltage loop of the ISDN SMPS. It is a low 
offset, high gain design. Output swing is typically limited to 
a maximum of 2.7V. The GBW of the amplifier is controlled 
by the value of R,,,, supplied by the user on pin 1. Input 
common mode range is between 1V and V,,, - 0.5V. If both 
inputs are beneath the common mode range during soft start, 
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special circuitry on the UCC 1885 guarantees VA out will be 
very near ground to insure proper startup. 


OSCILLATOR 


A timing capacitor is connected between C, and ground to 
program a natural oscillator frequency according to the 
equation 


1 


fosc= ———__——_ 
Cr * Reiss 


Aramp voltage running from groundto 1.8V is created onthe 
C, pin. This oscillator may be synchronized to a system clock 
applied to SYNC. Proper synchronization will only occur if 
the frequency of the SYNC signal exceeds the natural 
frequency programmed into the oscillator. A new oscillator 
cycle (ramp returns to ground) will be initiated on each rising 
edge of SYNC, with a corresponding decrease in ramp 
amplitude. SYNC should be wired to ground if this feature is 
not used. The ramp amplitude represents the maximum 
value of error amplifier output voltage which may be passed 
over the isolation interface to the UCC1883. Thus a mini- 
mum synchronized ramp amplitude of 1.3V is recommended. 
The UCC 1885 will accept a wide range of duty cycles on the 
SYNC pin, but rise and fall times of longer than 200ns are not 
recommended. 
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OSCILLATOR WAVEFORMS 






FIGURE 8 
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e > OUTPUT 
GROUND 
{ 
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Product Selection Guide 


INTELLIGENT CONTROLS AND MOTOR CONTROL 
DESIGNERS GUIDE 


UNITRODE PART NUMBER 





PERFORMANCE 
CHARACTERISTICS 

















Linear 


Over 0.5A Output : 
Includes Output Diodes 
Reversible Direction 


Microstepping Capability 


Hall Logic 


Full-Step/Half-Step Logic 
Phase-Lock Speed Control 


Four Quadrant Output 


Driver Only: TTL Inputs 


Note C: Also includes 3175, 3176, 3177, 3178, 3173A 
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eee UNITRODE 


Product Selection Guide 


INTELLIGENT CONTROLS AND MOTOR CONTROL 
DESIGNERS GUIDE (Cont’d) 






PERFORMANCE 
CHARACTERISTICS 


APPLICATIONS" Ce ee eae ed 
unipolarBilevelstenper | | | | | | ti | tt ty 
Bipolar Steppe Ean Ee 






16-Pin DIL 


18-Pin DIL 
20 Pin PLCC 
24-Pin DIL 


24-Pin Power Ceramic 


Note A: See Application Section for more 
Note B: Alternate Packaging Available 
Note C: Also includes 3175, 3176, 3177, 3178, 3173A 
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Product Selection Guide 
Intelligent Controls and Motor Control 


CROSS APPLICATION CHART 


NOTE: It is often possible — and advantageous — to fit into one application an IC that 
was originally designed for another. Here are a few hints: 


UNITRODE BRUSH STEPPING MICRO- 
PART# SERVOMOTOR STEPPING SOLENOID 


L293, 293D 
UC2950 


UC3173A, 4, 
5,6,7,8 


UC3517 


UC3770A,B 
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L293 
L293D 


Push-Pull Four Channel Driver 


FEATURES 
e Output Current 1A Per Channel (600mA 
for L293D) 


e Peak Output Current 2A Per Channel 
(1.2A for L293D) 


e — Inhibit Facility 
¢ High Noise Immunity 
e Separate Logic Supply 


¢ Over-Temperature Protection 


TRUTH TABLE 


each channel 
H 
L 


fe) 
H H 
H L 
H L x** 
L L x* 


*Relative to the considered channel 
*“High output impedence 






BLOCK DIAGRAM 


DESCRIPTION 

The L293 and L293D are quad push-pull drivers capable of delivering 
output currents to 1A or 600mA per channel respectively. Each channel 
is controlled by a TTL-compatible logic input and each pair of drivers (a 
full bridge) is equipped with an inhibit input which turns off all four tran- 
sistors. A separate supply input is provided for the logic so that it may 
be run off a lower voltage to reduce dissipation. 


Additionally the L293D includes the output clamping diodes within the 
IC for complete interfacing with inductive loads. 


Both devices are packaged in 16-pin plastic and ceramic DIPs; both 
use the four center pins to conduct heat to the printed circuit boards. A 
28-pin Power SOIC package is also available. 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, VC ........ 0... cece ee ee eee 36V 
Logic Supply Voltage, VSS .. 0... cece eee 36V 
INDUL VONAGG. Vl sstd boise ieergetie tee tte ee wd ees es 7V 
Inhibit Voltage, VINH 0... eee eee teens 7V 
Peak Output Current (Non-Repetitive), louT (L293)............... 2A 

lOUT (L203D) 555 tt Uke Bates eee Case taeee deen 1.2A 
Total Power Dissipation 

at Tground-pins = 80°C, N pkg, (Note)..............00 eae 5W 
Storage and Junction Temperature, Tstg, Tu........... -40 to +150°C 


Note:Consult packaging section of Databook for thermal limitations and — 
considerations of package. 





Note: Output diodes are internal in L293D. 
01/93, 


L293 
L293D 


CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) 
J or N Package 


SOIC-28 (TOP VIEW) 
J or N Package 


CHIP INHIBIT 1[ 1] 
CHIP INHIBIT | 1| 


26] OUTPUT 4 
OUTPUT 1[3| 


ouTpuT 2[6 


19] CHIP INHIBIT 2 





OUTPUT 3 


15] CHIP INHIBIT 2 


















| Collector Supply Voltage | Ve | 

| _LogicSupplyVoltage | ss | 
Collector Supply Current 
Total Quiescent Logic Supply Current eRe —— 

| InputLowVottage | 

Vi = Ov 

Vi = 4.5V 
Inhibit Low Voltage 






Inhibit High Voltage VINH,H |VSSs7V 


Low Voltage Inhibit Current 
High Voltage Inhibit Current 









0 = -1A (-0.6A for L293D) 

0 = 1A (0.6A for L293D 

F = 0.6A 

Ta___|0.1 to 0.9 Vo (See Figure 1) 
Fall Time .9 to 0.1 Vo (See Figure 1) 
Turn-on Delay . 5 Vito 0.5 Vo (See Figure 1) 


Turn-off Delay . 5 Vi to 0.5 Vo (See Figure 1) 


ND | aa | we 
- < = < nN 


O};O;lOInT ld lo < 
B 
Vv 
= 
oO 










=) 
NO 
=) 
i) 
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SCHEMATIC DIAGRAM 


Figure 1: Switching Times Figure 2: Quiescent Logic Supply 
of, % | Current vs Logic Supply Voltage 


Vc=24V ae 

VINHIBIT =Vss=5V = 

eee ens 

joo See eae! 

|_| VeesatH +7 | 
ar 


Pre 
Eaceeeee 
Ea ees 
0 085 1 . 15 50 

lo - (A) TAMB - (°C) 


Figure 4: L293 Saturation vs _ Figure 5: L293 Source Saturation 
Output Currrent vs Ambient Temperature 


NOTE: For L293D curves, multiply output current by 0.6. 


Pt LT | tonne | 
7“ eaReaee 
a pa 


VcEsat H- (V) 
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L293 
L293D 


Figure 3: Output Voltage vs Input 
Voltage 


VINHIBIT=Vss=5V 


VCEsat L- (V) 


Figure 6: L293 Sink Saturation 
Voltage vs Ambient Temperature 





APPLICATION INFORMATION (Cont. 





Figure 7: DC Motor Controls (with Connection to Figure 8: Bidirectional DC Motor Control 
Ground and to Supply Voltage) 


a NUTS _|_FUNCTION, 
HH |_fastMoter Stop TH | Fup — 
| H | t| Run | L_ | FastMotor Stop _ VINH =H 


L;D 
re [x] Gee’ [| Se oer 
L Motor Stop Motor Stop Free Running Motor 
VINH =L C=X;D=X 


Stop 
L=Low Hz=High Xz=Don't Care 


L=Low Hz=High X=Don'tCare 


ILV/IL2 = 300mA 


D1 - D8 + SES5001 





Figure 9: Bipolar Stepping Motor Control 


MOUNTING INSTRUCTIONS | 

The Rthj-amp of the L293 can be reduced by soldering 
the GND pins to a suitable copper area of the printed cir- 
cuit board or to an external heatsink. 


The diagram of Figure 13 shows the maximum package 
power Ptot and the @JA as a function of the side "t" of two 
equal square copper areas having a thickness of 35p (see 


COPPER AREA 35) THICKNESS 





P.C. BOARD 


Figure 10: Example of P.C. Board Copper Area 
which is used as Heatsink 


QUA - (°C/W) 


= 
‘ 
- 
oO 
E 
A. 


Side) - mm 


Figure 12: Maximum Package Power and Junc- 
tion to Ambient Thermal Resistance 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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L293 
L293D 


Figure 10). In addition, it is possible to use an external 
heatsink (see Figure 11). oe 


During soldering the pins’ temperature must not exceed 
260°C and the soldering time must not be longer than 12 
seconds. ? 


The external heatsink or printed circuit copper area must 


wi 


be connected to electrical ground. 





Figure 11: External Heatsink Mounting Example 
(QJA = 25°C/W) 


Tams - (°C) 


Figure 13: Maximum Allowable Power Dissipation 
vs Ambient Temperature 
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L298 


Dual Full-Bridge Power Driver 


FEATURES 
e Operating Supply Voltage up to 46V 


e Total Saturation Voltage 
3.4V max at 1A 


® Overtemperature Protected 


e Operates in Switched and L/R 
Regulation Modes 


@ 25W Power-Tab Package for Low 
Installed Cost 


e Individual Logic Inputs for Each Driver 


e Channel-Enable Logic Inputs for Driver 
Pairs 


ABSOLUTE MAXIMUM RATINGS 


DESCRIPTION 

The L298 is a power integrated circuit usable for driving resistive and inawenvé ade 
This device contains four push-pull drivers with separate logic inputs. Two enable inputs 
are provided for power down and chopping. Each driver is capable of driving loads up to 
2A continuously. 


Logic inputs to the L298 have high input thresholds (1.85V) and hysteresis to provide 
trouble-free operation in noisy environments normally associated with motors and 
inductors. The L298 input currents and thresholds allow the device to be driven by TTL 
and CMOS systems without buffering or level shifting. 


The emitters of the low-side power drivers are separately available for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 


Separate logic and load supply lines are provided to reduce total IC power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298 ideal for systems that require low standby current, such as portable or battery- 
operated equipment. 


CONNECTION DIAGRAM 


Power SUDDIY, Vip iiig tS dio eas eva eho tae Pea ees 5OV 

Logic Supply Voltage, Vss........ 0. cece cence cence ene ceees 7V 

Input and Inhibit Voltage, Vi, Vinhibit................ -0.3V to +7V 

Peak Output Current (each channel), lo 
Non-Repetitive (t = 100uS)........ 0... ccc cece eee eee eee 3A [0] | comemeemcanness CURRENT, SENSING B 
Repetitive (80% on - 20% off; ton = 10ms) .............. 2.5A TPUT 
DE Operations: ca ec rdae mani Gaede nae toa e sees sawn 2A 

Sensing Voltage, Vsens.........ceeeeccceeecceeeeees -1V to +2.3V INPUT 3 

Total Power Dissipation (Tease = 75°C), Ptot .....00.-00ee00. 25W GROUND 


Storage and Junction Temperature, Tstg, T; 


THERMAL DATA 


INPUT 2 
ENABLE A 


INPUT 1 
‘ OUTPUT 2 VOLTAGE Vs 


Thermal Resistance Junction-Case, Rtn j-case.......- 3°C/W max. 
Thermal Resistance Junction-Ambient, Rtn j-amb....35°C/W max. 
BLOCK DIAGRAM 
OUT1 OUT2 Vs OUT3 OUT4 


vss| 9 | 


Inl] 5 


In2} 7 


EnA 6 | 


In4 
In3 


a ii 11] EnB 
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L298 


ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vss = 5V, Tj = 25°C) TA=TY 


PARAMETERS TEST CONDITIONS 
Supply Voltage (Pin 4), Vs | Operating Condition Vint2.5 


TYP UNITS 


pa 


6 







©) 
ro) 
S 

> 


Quiescent Supply Current (Pin 4), Is 







—y 


a 
> 


Quiescent Current from Vss (Pin 9), Iss 







Input Low Voltage (Pins 5, 7, 10, 12), Vit 


Input High Voltage (Pins 5, 7, 10, 12), Vin 


Low Voltage Input Current (Pins 5, 7, 10, 12), lic Vi=L 


High Voltage Input Current (Pins 5, 7, 10, 12), lin 
Inhibit Low Voltage (Pins 6, 11), Vinh. L Po 


<= 


ae oe 
: i e ~J 


ss 


I 
— 
© 


100 


— 
fe 


! 
pb 
oO 


inhibit High Voltage (Pins 6, 11), Vinh. H 
Low Voltage Inhibit Current (Pins 6, 11), linn. & 


~ 
> 


100 
1.8 
2.8 
18 | 


High Voltage Inhibit Current (Pins 6, 11), linn. H Vinh. = H < Vsg -0.6V 


. | = A 
Sink Saturation Voltage, VceE satiL) 
= 2A 


1.8 
1.2 


ee 
IL = 





a “a an ~ Ww pat leant Ws} 
— 


Sensing Voltage (Pins 1, 15), Vsens -1") 

0.5 Vito 0.9 

0.5 Vito 0.1 1 ys 
Source Current Rise Time, T4 (Vi) 0.1 I, to 0.9 i US 
Sink Current Turn-Off Delay, Ts(Vi) 0.5 Vj to0.9 


Sink Current Fall Time, Te (Vi) 0.9 IL to01 | 


Sink Current Turn-On Delay, T7(Vi) 0.5 V; to 0.1 IL 


Sink Current Rise Time, Ta(Vi) 0.1 1 to 0.9 1 
Commutation Frequency, fe 


1) Sensing voltage can be -1V for t = 50S; in steady state Vseng min = -0.5V. 
2) See figure la. 
3) See figure 2a. 


(3) 
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L298 
SWITCHING CHARACTERISTICS 


Figure 1. Switching times test circuits. Figure la. Source Current Delay Times vs. Input or Enable Chopper. 


Vss = 5V Vs = 42V Ie 
O O 


Imax (2A) 
90% 


10% 
Ri = 20Q 


1 ¢ 


NOTE: For INPUT chopper, set EN = H. 





Figure 2. Switching Times Test Circuits. Figure 2a. Sink Current Delay Times vs. Input or Enable Chopper. 


Vss = 5V Vs = 42V 
O ‘eo 








Imax (2A) 
90%: 


10%- 





NOTE: For INPUT chopper, set EN = H. 





APPLICATIONS 





Figure 3. Bi-Directional DC Motor Control. 











+Vsy 
©) 
| | INPUTS FUNCTION 
C=H;D=L Turn right 
Fast motor stop 
7 ee Free running 
L = Low 
H = High 
X = Don’t Care 
O +Vss 
© Vinh. 
TO CONTROL 1 
CIRCUIT 
ie: 


D1 TO D4: UES1101 OR EQUIVALENT 
= OR UC3610 DIODE ARRAY 
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Figure 4. Bipolar Step Motor Driver. 


ee 


10K 10K 10K 10K 


STEP [> 
DIRECTION co Too 
FULL/HALF = 

ae. = 


ENCODER 





CURRENT 
LIMIT 
CONTROL 


STANDARD PACKAGES 


V Package 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 ¢ FAX 603-424-3460 


CURRENT 
SENSE 
RESISTORS 
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VH Package 


L298 
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oe UNITRODE 


L298D 


Dual Full-Bridge Power Driver 


FEATURES 
© Operating Supply Voltage up to 46V 


© Overtemperature Protected 


® Operates in Switched and L/R Current 
Regulation Modes 


@ 25W Power-Tab Package for Low 
Installed Cost 


@ Individual Logic Inputs for Each Driver 


e Channel-Enable Logic Inputs for Driver 
Pairs 
@ Internal Diodes Minimize Parts Count 


CONNECTION DIAGRAM (TOP VIEW): 


CURRENT SENSING B 
OUTPUT 4 


INPUT 3 

LOGIC SUPPLY VOLTAGE Vss 
GROUND 

INPUT 2 

ENABLE A 

INPUT 1 

SUPPLY VOLTAGE Vs 

OUTPUT 2 

OUTPUT 


DESCRIPTION 

The L298D is a power integrated circuit usable for driving resistive and inductive loads. 
This device contains four push-pull drivers with separate logic inputs. Two enable inputs 
are provided for power down and chopping. Each driver is capable of driving loads up to 
1A continuously. 


The L298D features internal diodes for clamping output excursions when driving 
inductive loads, such as motors and transmission lines. For most applications, these 
diodes can completely replace all external clamp diodes. In certain cases, however, 
additional output catch diodes may be valuable for reducing recovery time or power 
dissipation. 


Logic inputs to the L298D have high input thresholds (1.85V) and hysteresis to provide 
trouble-free operation in noisy environments normally associated with motors and 
inductors. The L298D input currents and thresholds allow the device to be driven by 
TTL and CMOS systems without buffering or level shifting. 


The emitters of the low-side power drivers are available in pairs for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 


Separate logic and load supply lines are provided to reduce total IC power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298D ideal for systems that require low standby current, such as portable or battery- 
operated equipment. . 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vg...... ccc cece cece cece eens teeeseeeseennens 

Logic Supply Voltage, Vsg ...... 6. cee cee cece ete eee eneeeees 

Input and Enable Voltage, Vi, Ven ....... iw eyes ae 

Peak Output Current (each channel), lo . 
Non-Repetitive (t = 100us)..............00 eee Gltck re 
Repetitive (80% on - 20% off; ton = 10ms) 
DG Operation acie se cian ce eeresiaas Potente cay oeae tons 

Sensing Voltage, Vsens........--ceeeeeeeececeeeeees 

Total Power Dissipation (Tease = 75°C), Prot ..........eeeeee 

Storage and Junction Temperature, Tstg, Tj ..... 





CURRENT SENSING A 


a TAB CONNECTED TO PIN 8 


BLOCK DIAGRAM 





V PACKAGE THERMAL DATA 


Thermal Resistance Junction-Case, Rtn j-case........ 3°C/W max. 
Thermal Resistance Junction-Ambient, Rth j-amb....35°C/W max. 
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ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vss = 5V, Tj = 25°C) TA=Ty 











UNITS 



























[—SPARAMETERS =| TEST.CONDITIONS | MIN. | TYP. | MAK. [UNITS 
[Supply Voltage (Pin 4),Ve__——~=S~* Crating Concion | ves | | ae | 
jLogic Supply Voltage (Pin9), Ves | | | 
Quiescent Supply Current (Pin 4), ls 0 a eee mA 
Quiescent Current from Vss (Pin 9), Iss IL =0 - Vi=H a mA 
een et ed FS 
a A Te a NE SI Pg 
High Votage input Current (Pins §,7,10,12),bw [W=H +t ——*iY a0 *| too 
SL eae A arte at Oe Ne ora 
[Enable High Voltage (Pins 6,11),Venw | SSSC—~‘idC 
re ae Sa eR EO 
[High Votage Enable Curcent Pins 61D, tenn _|Ven=HZVa-oev | +|_30~| 100 

Sink Saturation Voltage, Vor aay) —=SSS~ TA SC*dESSC*dS=Cid 
Total Drop, Voewts —SSSSC*~<“~*~*‘“SASSCSC*~“‘*SOC#*‘“d’SCNs == as] 
| High-Side Diode Voltage Vow ft =TA Tt) Ta 
[Low Side Diode Voltage, Vow ——=SSSSC*d SIA SCSC~‘“ESC“‘C“C#SC CGS a | vd 
[Sensing Voltege Pins 1,15), Vane SSS 
osuwoon™ | | a | id] 
[Source Current Rise Time, Tat) ———~S~*dt tog «Eis | 
[Sink Curent Rise Time, TotW) ———S~S~s tO «Ld | 





1) Sensing voltage can be -1V for t < 50zS; in steady state Vsens min = —-0.5V. 
2) See figure la. 
3) See figure 2a. 
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SWITCHING CHARACTERISTICS 


Figure 1. Switching times test circuits. 


Vss = 5V 
O 


Vs = 42V 
O 





NOTE: For INPUT chopper, set EN = H. 


Figure 2. Switching Times Test Circuits. 


Vsg = 5V Vs = 42V 
O 





NOTE: For INPUT chopper, set EN = H. 





APPLICATIONS 


Figure 3. Bi-Directional DC Motor Control. 
+Vs 





1/2 L298D 


Ven 


TO CONTROL 
CIRCUIT 


D1 TO D4: UES1101 OR EQUIVALENT 
— OR UC3610 DIODE ARRAY 
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L298D 


Figure la. Source Current Delay Times vs. Input. 


10% 





Figure 2a. Sink Current Delay Times vs. Input. 


Imax (1A) 
90%: 





10%- 


Vi(4V) 
50% 





| | INPUTS FUNCTION 
Turn right 







C=L;D=H Turn left 
C=D Fast motor stop 
~-y n= Free running 
Cen Ds motor stop 
L = Low 
H = High 
X = Don’t Care 


Figure 4. Bipolar Step Motor Driver. 


+5V VmMoToR 


lF 
cd 


10K 10K 10K 10K 


STEP _ 


wn Ss, Fa 
i 


CURRENT 
LIMIT 


CONTROL 





CURRENT 
SENSE MOTOR 
RESISTORS 


STANDARD PACKAGES 


V Package VH Package 





Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 e FAX 603-424-3460 
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L298D 


INTEGRATED 
CIRCUITS 


mee UNITRODE 


Stepper Motor Drive Circuit 


FEATURES 
¢ Complete Motor Driver and Encoder 


¢ Continuous Drive Capability 350mA per Phase 


e Contains all Required Logic for Full and Half 
Stepping 


¢ Bilevel Operation for Fast Step Rates 
e Operates as a Voltage Doubler 


e Useable as a Phase Generator and/or as a 
Driver 


¢ Power-On Reset Guarantees Safe, 
Predictable Power-Up 


ABSOLUTE MAXIMUM RATINGS 


UC1517 
UC3517 


DESCRIPTION 


The UC3517 contains four NPN drivers that operate in two-phase 
fashion for full-step and half-step motor control. The UC3517 
also contains two emitter followers, two monostables, phase de- 
coder logic, power-on reset, and low-voltage protection, making it 
a versatile system for driving small stepper motors or for control- 
ling large power devices. 


The emitter followers and monostables in the UC3517 are config- 
ured to apply higher-voltage pulses to the motor at each step 
command. This drive technique, called “Bilevel,” allows faster 
stepping than common resistive current limiting, yet generates 
less electrical noise than chopping techniques. 


Second Level Supply, VSS ........... 00.0 c cece eee ee 40V_ Power Dissipation, (Note) .......... 0... 0c cece eee 2w 
Phase Output Supply, VMM ............ 0.0.0 c ee eee 40V Junction Temperature ......... 0... cee ees 150°C 
LOgic SUDDIV VCCe . o.5 shia Sete tensa deed deans woes 7V Ambient Temperature, UC1517............ -55°C to +125°C 
Logic Input Voltage ............ 0. cee eee ee -.3V to+7V Ambient Temperature, UC3517 .............. 0°C to +70°C 
Logic Input Current ........ 0.0... cece eee eee +10mA Storage Temperature ................... -55°C to +150°C 
Output Current, Each Phase .............. 000005: 500mA Note: Consult Packaging section of Databook for thermal 
Output Current, Emitter Follower.................. -500mA limitations and considerations of package. 

Power Dissipation, (Note).......... 00... eee eee eee 1W 


BLOCK DIAGRAM 
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ene is) vss 
ey a 
13] LA 
14] Le 
STEP L 
HSM [10 catches PHASE LOGIC = 
DIR [al Full/Half B Off —{8} GA 
Direction ee 
Logic Power 
Power-On Reset Reset = 
Voc : Phase Ai |Phase A2 |Phase B1 {Phase B2 
i [Phase A2 [Phase BY oe 
Lt aan ae 5 | Pag 
=4V 
‘ 11] Pee 
INH [aH Ss eg) ee Ey a) 
E aa 3] GND 
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UC1517 
UC3517 


CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) PLCC-20, LCC-20 PACKAGE PIN FUNCTION 
J or N Package (TOP VIEW) FUNCTION 
Q & L PACKAGE 


Ps2 


Zz 


< Z2|n/SIZINIZIe z|VDIO Zz 
QB *IS/Sizla> Se re) re) 
= oO 
Sdauaddduddeevaddene. 


Ppt 
GND 
Pat 
Pa2 8 14 
9 10 11 12 13 

DIR 


STEP 


OB 


Vcc 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1517 and 0°C to +70°C for the UC3517, Vec=5V, Vss = 20V, Ta=Ty, Pin 
numbers refer to DIL-16 package. 














UC1517 /UC3517_ | UNITS 

a 
| LogicSupply,vec Pint dt a | 8 | 
| SecondSuppy,Vss Pint tt 
| bese supply ouvert mein V8 goa 
Minn 4000 ms 

| _InputLowVottage Pins 710,11 | To | 
Input High Voltage oa Pine 6. AO 1 ee 
| InputLow Curent Pins 6,7, 10, 14;v=ov a0 |_| 
Input High Current Pins6, 7,10, 114;v=sv TT 20 |g 
Phase Output Saturation Voltage Pins 1,2,4,5;1=350mA | | | 085 | Vv | 
| Phase OutputLeakage Curent Pins 1,2,4,5;V=30v tT || 500 | 
| Follower Saturation VoltagetoVss [Pins 13,14;1=350mA_ | || 2 | 
| FollowerLeakage Current Pins 13,14;v=ov || 500 |g 
| OutputLow Voltage, a, Os Pins 8, 1=16mA || ot | |v 
| Phase Tur-OnTime Pins 1,245 | | | es 
| PhaseTum-oftime Pins 1,245 Ts 
| Logic input Set-upTime,ts [Pins 6, 10;Figuea | 40 || s_ | 
eo ——— a ett te 
STEP Pulse With, te Pin7,Figue4 | 00 || Ts 

| TimingResistor Value Pint tk | t00K | 
| Timing CapacitorValue Pint ot | 500 | ne 
Power-On Threshold 7 Pin 16 re 
Pin 16 ee 
| PowerHysteresis [Pin 16 ee OS 
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143 8 JQ 


11 42 13 


Figure 3. Test Circuit 


PIN DESCRIPTION 


Vcc: Vcc is the UC3517’s logic supply. Connect to a 
regulated 5VDC, and bypass with a 0.1uF ceramic ca- 
pacitor to absorb switching transients. 


Vem: Ven is the primary motor supply. It connects to the 
UC3517 phase outputs through the motor windings. Limit 
this supply to less than 40V to prevent breakdown of the 
phase output transistors. Select the nominal VéM voltage 
for the desired continuous winding current. 


Vss: Vss is the secondary motor supply. It drives the LA 
and LB outputs of the UC3517 when a monostable in the 
UC3517 is active. In the bilevel application, this supply is 
applied to the motor to charge the winding inductance 
faster than the primary supply could. Typically, Vss is 
higher in voltage than Vmém, although Vss must be less 
than 40V. The Vss supply should have good transient ca- 
pability. 

GROUND: The ground pin is the common reference for 
all supplies, inputs and outputs. 


RC: RC controls the timing functions of the monostables 
in the UC3517. It is normally connected to a resistor (RT) 
and a capacitor (CT) to ground, as shown in Figure 3. 
Monostable on time is determined by the formula TON ~ 
0.69 Rt CT. To keep the monostable on indefinitely, pull 
RC to Vcc through a 50k resistor. The UC3517 contains 
only one RC pin for two monostables. If step rates com- 
parable to TON are commanded, incorrect pulsing can re- 
sult, SO consider maximum step rates when selecting RT 
and CT. Keep TON s T STEP MAX. 


OA and Os: These logic outputs indicate half-step posi- 
tion. These outputs are open-collector, low-current driv- 
ers, and may directly drive TTL logic. They can also drive 
CMOS logic if a pull-up resistor is provided. Systems 
which use the UC3517 as an encoder and use a different 
driver can use these outputs to disable the external driver, 





UC1517 
UC3517 


AXXAY) XXXKAX/ 
NYY YY 


ts Lae 


| twono| 


pet Boe KOO 


Figure 4. Timing Waveforms 


as shown in Figure 8. The sequencing of these outputs is 
shown in Figure 5. 


Pa1, Paz, PB1, and PB2: The phase outputs pull to 
ground sequentially to cause motor stepping, according to 
the state diagram of Figure 5. The sequence of stepping 
on these lines, as well as with the LA and Ls lines is con- 
trolled by STEP input, the DIR input, and the HSM input. 
Caution: If these outputs or any other IC pins are pulled 
too far below ground either continuously or in a transient, 
step memory can be lost. It is recommended that these 
pins be clamped to ground and supply with high-speed di- 
odes when driving inductive loads such as motor wind- 
ings or solenoids. This clamping is very important 
because one side of the winding can "kick" in a direction 
opposite the swing of the other side. 


LA and Ls: These outputs pull to VSss when their corre- 
sponding monostable is active, and will remain high until 
the monostable time elapses. Before and after, these out- 
puts are high-impedance. For detail timing information, 
consult Figure 5. 


STEP: This logic input clocks the logic in the UC3517 on 
every falling edge. Like all other UC3517 inputs, this input 
is TTL/CMOS compatible, and should not be pulled below 
ground. 


DIR: This logic input controls the motor rotation direction 
by controlling the phase output sequence as shown in 
Figure 5. This signal must be stable 400ns before a falling 
edge on STEP, and must remain stable through the edge 
to insure correct stepping. 


HSM: This logic input switches the UC3517 between half- 
stepping (HSM = low) and full-stepping (HSM = high) by 
controlling the phase output sequence as show in Figure 
5. This line requires the same set-up time as the DIR in- 
put, and has the same hold requirement. 
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INH: When the inhibit input is high, the phase and 0 out- 
puts are inhibited (high impedance). STEP pulses re- 
ceived while inhibited will continue .to update logic in the 
IC, but the states will not be reflected at the outputs until 
inhibit is pulled low. In stepper motor systems, this can be 


used to save power or to allow the rotor to move freely for P 


manual repositioning. © 
OPERATING MODES 


The UC3517 is a system component capable of many dif- 
ferent operating modes, including: 


Unipolar Stepper Driver: In its simplest form, the 
UC3517 can be connected to a stepper motor as a unipo- 
lar driver. LA, LB, RC and Vss are not used, and may be 
left open. All other system design considerations men- 
tioned above apply, including choice of motor supply 
VMM, undershoot diodes and timing considerations. 


Unipolar Bilevel Stepper Driver: If increased step rates 
- are desired, the application circuit of Figure 6 makes use 
of the monostables and emitter followers as well as the 
configuration mentioned above to provide high-voltage 
pulses to the motor windings when the phase is turned 
on. For a given dissipation level, this mode offers faster 
step rates, and very little additional electrical noise. 


The choice of monostable components can be estimated 
based on the timing relationship of motor current and volt- 
age: V = Ldl/dt. Assuming a fixed secondary supply volt- 
age (Vss), a fixed winding inductance (Lm), a desired 
winding peak current (Iw), and no back EMF from the mo- 
tor, we can estimate that RTCT = 1.449 IWLM/Vss. In 
practice, these calculations should be confirmed and ad- 
justed to accommodate for effects not modeled. 


Voltage-Doubled Mode: The UC3517 can also be used 
to generate higher voltages than available with the sys- 
tem power supplies using capacitors and diodes. Figure 9 
shows how this might be done, and gives some estimates 
for the component values. 


Higher Current Operation: For systems requiring more 
than 350mA of drive per phase, the UC3717A can be 


UC1517 
UC3517 


used in conjunction with discrete power transistors or. 
power driver ICs, like the L298. These can be connected 
as Current gain devices that turn on when the phase out- 
puts turn on. 


Bipolar Motor Drive: Bipolar motors can be controlled by 


. the UC3517 with the addition of bipolar integrated drivers 


such as the UC3717A (Figure 8) and the L298, or discrete 
devices. Care should be taken with discrete devices to 
avoid potential cross-conduction problems. 


‘LOGIC FLOW GRAPH 


The UC3517 contains a bidirectional counter which is de- 
coded to generate the correct phase and © outputs. This 
counter is incremented on every falling edge of the STEP 
input. Figure 5 shows a graph representing the counter 
sequence, inputs that determine the next state (DIR and 
HSM), and the outputs at each state. Each circle repre- 
sents a unique logic state, and the four inside circles rep- 
resent the half-step states. 





The four bits inside the circles represent the phase out- 
puts in each state (PA1, PA2, PB1, and Ps2). For example, 
the circle labeled 1010 is immediately entered when the 
device is powered up, and represents PA1 off ("1" or 
high), PA2 on ("0" or low), P81 off.("1" or high) and Ps2 on 
("O" or low). The OA and GB outputs are both low (uniden- 
tified). . 

The arrows in the graph show the state changes. For ex- 
ample, if the IC is in state 0110, DIR is high, HSM is high, 
and STEP falls, the next state will be 0101, and a pulse 
will be generated on the LB line by the monostable. 


Inhibit will not effect the logic state, but it will cause all 
phase outputs and both © outputs to go high (off). A fall- 
ing edge on STEP will still cause a state change, but in- 
hibit will have to toggle low for the state to be apparent. 


A falling edge on STEP with HSM high will cause the 
counter to advance to the next full step state regardless 
of whether or not it was in a full step state previously. 


No LA or LB pulses are generated entering half-states. 
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UC1517 
UC3517 
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Figure 5. Logic Flow Graph 


+5 Vss VMM ; Vss 
ZENER 
MV Vz+Vss = 40V 
UC3610 
DIODE ARRAY 


yw PROCESSOR 


| For applications requiring very fast step rates, a zener diode not overshoot past 40V. If the zener diodes are not used and 
permits windings to discharge at higher voltages, and higher UC3610 pin 2 is connected directly to Vss then higher Vss can 
rates. Driver transistor breakdown must be considered when _ be used. 
selecting Vss and zener voltage to insure that the outputs will 





Figure 6. Bilevel Motor Driver 
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UC1517 
UC3517 


WINDING | 
CURRENT 


~~ 


Rt CT LONG ~~ 


ee, 


ern, 


Rt Cr SHORT 


TIME 


Experimental selection of RT and CT allow the designer to se- _ tion can be well controlled. Average power dissipation for the 
lect a small amount of winding current overshoot, as shown _ driver and motor must be considered when designing sys- 
above. Although the overshoot may exceed the continuous — tems with intentional overshoot, and must stay within conser- 
rated current of the winding and the drive transistors, the dura- _vative limits for short duty cycles. 





Figure 7. Effects of Different RT & CT on Bilevel Systems 


+5 +5 VMM VMM 


16 ae 
47k R14 
uessi7, of sa oe as eee 
| | +5 +5 VMM VMM 
fy. | 


PHASE GENERATOR 


ae” 


DRIVERS 


In this application, the @A and @B outputs of the UC3517 are also allows half-step operation of the UC3717. Peak motor 
connected to the current program inputs of the UC3717. This winding current will be limited to approximately .42V/R1 by 
allows the UC3517 inhibit signal to inhibit the UC3717, and chopping. . 





Figure 8. interface to UC3717 Bipolar Driver 
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UC1517 
UC3517 


iQ ee or Sie eibe: 
MOTOR 
UC3517 a TA 
a ae 


He! 


C2 ¥ {¥ 1N5802 or UES1001 
- + 1 


VMM 





R2 


* 


Although component values can be best optimized experimentally, good starting values speed development. For this design, 
start with: where: 


RT Ct = 3 Lw/Rw Lw is winding inductance, 
C1 = C2 = Lw IR/Rw Rw is winding resistance, 
Ri = R2 = 2.9 TMIn/C1 IR is rated winding current, and 
TMIN iS minimum step period expected. 





Figure 9. Using the UC3517 as a Voltage Doubler 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 » FAX (603) 424-3460 
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Ky, UC1610 
eS, UC3610 
= 


T] INTEGRATED 
CIRCUITS 


ae UNITRODE 
Dual Schottky Diode Bridge : —e 


FEATURES DESCRIPTION | 

¢ Monolithic Eight-Diode Array This eight-diode array is designed for high-current, low duty-cycle applications 
typical of flyback voltage clamping for inductive loads. The dual bridge connection 
makes this device particularly applicable to bipolar driven stepper motors. 






¢ Exceptional Efficiency 


* Low Forward Voltage The use of Schottky diode technology features high efficiency through lowered for- 

¢ Fast Recovery Time ward voltage drop and decreased reverse recovery time. 

* High Peak Current This single monolithic chip is fabricated in both hermetic CERDIP and copper- 
leaded plastic packages. The UC1610 in ceramic is designed for -55°C to +125°C 

¢ Smali Size environments but with reduced peak current capability; while the UC3610 in plas- 


tic has higher current rating over a 0°C to +70°C temperature range. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode) ............ cece cee ee tee ett e ee eeees 50V 
Peak Forward Current 
WGIG IO hen eaasksli eeu wee ea ce Oe see web ah OEE OER waco oa tae ua seas 1A 
UG3610 cea swe Bae eee nae See eee ELT Ee NT eS Se eee 3A 
Power Dissipation at TA=+70°C .. 0... cc ec ccc ee eee tence en eeeeeeees 1W 
Storage Temperature Range. ........... ccc cece eee eet ee eee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)......... eer eee re er eer rs 300°C 


Note: Consult Packaging Section of Databook for thermal limitations and considerations of 
package. 


CONNECTION DIAGRAMS 


DIL-8 (TOP VIEW) SOIC-16 (TOP VIEW) 
N or J Package DW Package 


PLCC-20 (TOP VIEW) 
Q Package 
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UC1610 
UC3610 


ELECTRICAL CHARACTERISTICS: All specifications apply to each individual diode. Ts = 25°C except as noted. TA = Ty. 










| SC PARAMETER |S CTESTCONDITIONS | MIN | TYP . 
| Forward Votage Drop = lz 100m it 4 | 08 
festA fc tc fs | 
| beakage Curent) = QV tt tt ma 
Va=40V,Tu=+100C tt | tc | ma | 
Reverse Recove lO.5AForwardto0.sAReverse ss | | 5 | ns 
| Forward Recovery «A Forward tot.1VRecovery ae ee 
| JunctionCapacitance VR BM 





goiter eis a 
04 


a Hi 
20 
nee 








FORWARD CURRENT - (A) 





LEAKAGE CURRENT - (pA) 














ee a a oe 
20 30 50 0 .2 .4 .6 .8 1.01.2 1.4 1.6 1.82.0 
REVERSE VOLTAGE - (V) FORWARD VOLTAGE - (V) 


Reverse Recovery Characteristics 


TA#25°C | 
| DIODE DIODE. ? 
eet. VOLTA 
CURRENT 1.0V/DIV a 
200mA DIV 





DIODE 
CURRENT 
500mA/DIV 
A 


DIODE 
CURRENT 


UC1610 FORWARD RECOVERY 
CH1 = Vb 


TIME, 2ns/DIV CH2 =) 1b 1A 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 ¢ FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


UC1611 
UC3611 


Quad Schottky Diode Array 


FEATURES 
e Matched, Four-Diode Monolithic Array 


e High Peak Current 

¢ Low-Cost MINIDIP Package 

e Low-Forward Voltage 

¢ Parallelable for Lower VF or Higher IF 
e Fast Recovery Time 


¢ Military Temperature Range Available 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 
N or J Package 


PLCC-20 (TOP VIEW) 
Q Package 
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DESCRIPTION 


This four-diode array is designed for general purpose use as individual 
diodes or as a high-speed, high-current bridge. It is particularly useful on 
the outputs of high-speed power MOSFET drivers where Schottky diodes 
are needed to clamp any negative excursions caused by ringing on the 
driven line. 


These diodes are also ideally suited for use as voltage clamps when driv- — 
ing inductive loads such as relays and solenoids, and to provide a path 
for current free-wheeling in motor drive applications. 


The use of Schottky diode technology features high efficiency through 
lowered forward voltage drop and decreased reverse recovery time. 


This single monolithic chip is fabricated in both hermetic CERDIP and 
copper-leaded plastic packages. The UC1611 in ceramic is designed for 
-55°C to +125°C environments but with reduced peak current capability: 
while the UC3611 in plastic has higher current rating over a 0°C to +70°C 
ambient temperature range. 


| SOIC-16 (TOP VIEW) 
DW Package 
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UC1611 
UC3611 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per Diode). .......... 0... cece eee eee eens 50V 
Diode-to-Diode Voltage. .... 0... ce ee eee een nees 80V 
Peak Forward Current 

UCIGI Ns caccat ation race ece tae ots ot ace aaw ie eee ewes 1A 

IGS I lies ara tiene Se nars toe gS ea eed ghee avai ae a Be ae A 3A 
Power Dissipation at TA= +70°C ... 0... cece eens 1W 
Storage Temperature Range ................ cee eee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)..................0000- +300°C 


Note: Please consult Packaging Section of Databook for thermal limitations and 
considerations of package. 


ELECTRICAL CHARACTERISTICS: All specifications apply to each individual diode. Ts = +25°C except as noted. 


TA = Ty. 
PARAMETER TEST CONDITIONS MIN | TYE. 


Forward Voltage Drop IF = 100mA 


Leakage Current VA = 40V — 
VR = 40V, Ty = +100°C ie od 
| Reverse Recovery [0.5 Forward to 0.5A Reverse ae 














P04 
| 0.9 | 
001 






Forward Recovery 40 
Junction Capacitance 100 | 


Note: At Forward currents of greater than 1.0A, a parasitic current of approximately 10mMA may be collected aby ee diodes. 





Reverse Current vs Voltage __ Forward Current vs Voltage 


3000 | | 3.0 a 
2000 20 jt tAMi_ 


1000 1.0 


500 0.5 
300 0.3 
200 0.2 


100 0.1 

7 : if erare 
.03 a 

att _| 


al eae 

3 ie Fee 

2 b= : 002 See: 
ee ee 

0 0 .2 .4 6 .8 1.01.21.4 1.61.82.0 

REVERSE VOLTAGE - (V) FORWARD VOLTAGE - (V) 
































30 
20 


10 














FORWARD CURRENT - (A 





LEAKAGE CURRENT - (pA) 
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UC1611 
UC3611 


TYPICAL APPLICATIONS 


A. Clamp Diodes - PWMS and Drivers 


UC3611 
UC3611 


High Speed 
PWM Driver 
i.e. UC3825 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


mae UNITRODE 


Dual Schottky Diode 


FEATURES 
¢ Monolithic Two Diode Array 


- Exceptional Efficiency 
+ Low Forward Voltage 
¢ Fast Recovery Time 
¢ High Peak Current 


* Small Size 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode) ...... 
Peak Forward Current, UC3612 ........ 
Peak Forward Current, UC1612 ........ 
Power Dissipation at TA = 70°C ........ 


Derate 12.5mW/°C above 70°C 


Storage Temperature Range ............. 


-65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) ....... 300°C 


CONNECTION DIAGRAM 


J, Nor DP PACKAGE 
(TOP VIEW) 


Pins 2,3,6,7 are connected to 


substrate and must be electrically isoiated. 


UC1612 
UC3612 


DESCRIPTION 

The two-diode array is designed for high-current, low duty-cycle 
applications typical of flyback voltage clamping for inductive 
loads. 


The use of Schottky diode technology features high efficiency 
through lowered forward voltage drop and decreased reverse 
recovery time. 


This single monolithic chip is fabricated in hermetic CERDIP as 
well as copper leaded plastic MINIDIP and SOIC surface mount 
power pack. The UC1612 in ceramic is designed for -55°C to 
+125°C environments, but with reduced peak current capability; 
while the UC3612 has higher current rating over a 0°C to +70°C 
ambient temperature range. 
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Electrical Characteristics (All specifications apply to each individual diode. T, = 25°C except as noted). 


PARAMETER TEST CONDITIONS 


[Fonarvotag mp POA . 
Ftewagecuen | RR 
eee 
aa 
ae 











- 
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Note: At forward currents of greater than 1.0A, a parasitic current of approximately 10mA may be collected by adjacent diodes. 











Reverse Current vs Voltage Forward Voltage vs Current 


1000LA 
x 
= 
et 
Zz 
Lu 
ae 
oc 
3 100pA 
LU 
O 
<x 
< 
xt 
ui 
J 
10pA 





0 10 20 30 40 50 
REVERSE VOLTAGE (V) 





FORWARD VOLTAGE (V) 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054 
TEL. 603-424-2410 » FAX 603-424-3460 


6-32 


INTEGRATED 
CIRCUITS 


ges UNITRODE 


—~k UC1620 
1 PS — ucse20 
= 






Switchmode Driver for 3-@ Brushless DC Motors 


FEATURES 


2A Continuous, 3A Peak Output 
Current 


8V to 40V Operation 


Internal High Gain Amplifier for 
Velocity Control Applications 


_ TTL Compatible Hall Inputs 


Mask Programmable Decode Logic 
Pulse-by-Pulse Current Limiting 
Internal Thermal Shutdown Protection 
Under-Voltage Lockout 


Available in V, VH Multiwatt Plastic, 
and SP Hermetic Packages 


BLOCK DIAGRAM 


WV. 4k 


+E/A |41—B- Enron 0.5VaN 
AMP CLAMP 
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DESCRIPTION 


The UC3620 is a brushless DC motor driver capable of decoding and 
driving all 3 windings of a 3-phase brushless DC motor. In addition, an 
on-board current comparator, oscillator, and high gain Op-Amp provide 
all necessary circuitry for implementing a high performance, chopped 
mode servo amplifier. Full protection, including thermal shutdown, 
pulse-by-pulse current limiting, and under-voltage lockout aid in the 
simple implementation of reliable designs. Both conducted and radiated 
EMI have been greatly reduced by limiting the output dv/dt to 150V/us 
for any load condition. 


The UC1620SP is characterized for operation over the full military tem- 
perature range of -55°C to +125°C, while the UC3620SP is charac- 
terized for 0°C to +70°C. Surface mount versions are also available. 


TIMING 


yeurage 
VOLTAGE 
yeurage 


THERMAL 
SHUTDOWN tobe 


DECODER | 


ag ort fl 


ISENSE FWD/REVERSE HA HB HC EMITTERS 


HALL INPUTS 





6-33 





- UC1620 
—UC3620 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, Vcc.............206- SN Aare Ue Pare wee eke 40V 
Output Current, Source or Sink . 
Non-Repetitive (t = 100usec), lo........... Minaiee Means watann ees 3A 
Repetitive (80% on - 20% off, ton =10ms)............. 0... eee 2.5A 
DC Operation...... Sad etsabats GR Barta Getrag gaa Lite mance ate taney 2A 
Analog Inputs ........... oe. a ueweeeune ree ee -0.3 to +Vcc 
Logic Inputs ........... Acad at tas wovotee eames See --0.3 to +Vcc 
Total Power Dissipation. (at TCASE = 75° C) 
for SP Package (Note 2). ..............05. Mitee Senge wan nena aets 15W 
Storage and Junction Temperstiire eee ee en ree -40°C to +150°C 


Note 1: All voltages are with respect to ground. Currents are positive into, 
negative out of the specified terminal. 

Note 2: Consult Packaging Section of Databook for thermal limitations and 
considerations of package. 


CONNECTION DIAGRAMS 


SP Hermetic Power DIL 28-PIN LCC and 


(T Be —) 

EMITTERS[1| a Bed a 
EMITTERS([2| 23] EMITTERS EMITTERS 
EMITTERS 


Vcc LOGIC[7’ 8] FWD/REV 


. Vcc LOGIC 
E/A COMP 


V and VH Packages — : TIMING 


N/C 
N/C 


19 


FWD/REV 
Vcc PWR 
CouT 
N/C 
Aout » 3 N/C 
EMITTERS EMITTERS 
Bout 


aNdOAUOANWOO 


‘* 


nN 
N 


| 13 | 
|Isense | 14 
| GND | 15 | 
TIMING. __| 16 
PHA | 7 
ae LT 
FNC | 19 
a Sacer 
He | 21 

| _FWo/REV | 22 | 
| VecPWR | 23 | 
| Cour | 4 
PNG | 25 
PNC | 86 

| EMITTERS | 27 | 

| Sour ___ | 28 


Tab connected to Pin 8 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C for 3620; TA 
= 55°C to +125°C for UC1620; Vcc = 20V, Rt = 20V, Rr = 10k, CT = -2.2nF. Ta=Ty. 






















ie Mie seo ee 
| Min | Typ | MAX | MIN | TYP | MAX” 

| _inputOffsetVotage = | CS lS | to | ts | 10 | mv _ 
| InputBiasCurent = | —“‘;i‘LSC‘dT S| QO || 25 | 20 | yA 
| InputOffsetCurent = | ts | 0 | | 15 | 250 | nv 
| CommonModeRange ss [Vec=8Vto4ov, = | | Le] | | 
| OpenLoopGain ——s([AVeING=1Vtoav, = ss] 80 | 100 | ~—s | 75 | 100 | |B 
| UnityGainBandwidth ss |Ty=25°C,Note2 | | 8 | || 8 | | Me | 
| OutputSink Current [Veng=tv ET | TT ma 
| OutputSource Current ss fveng=4v— tC CEC | CTT | ml 
| _inputBiasCurent = | CC | || | 8 | 
| internalClamp | —“‘SCC*d:«CMS | 5 |_-575 | 405 | 0.5 | 505] V 
| DividerGan | C—C—“‘C‘C*r:«Ct80 | .2_| 220 | 170 | 0.2 | 230 | VV 
| Internal Offset Voltage =| CT BL 2 | | tc [125] Vv 
Timing Section 

| Ouputontime = | C—Cs—“C*s‘“CSC*idS:«Cts*|_ kt ' | 22 | t7_-| 20 | 23 | ps 
bere Mone Trreshos tte ffs 
| LowerMonoThreshold sss | —“‘“C;é*isTSC*dSC RG | S| 20 Na 
Decoder Section 

| High-LevelinputVottage | CT || | 
| Low-LevelinputVoitage =| —“‘iESSSCE fl oT ow | 
| High-Level inputCurent = | CE | to Tt fp 
| Low-LevelinputCurent == {| Cit | S| SE to | | 


Output Section 






| OutputLeakage Current [vec=aov_ | | 0 || 1500] A | 
| VFI SchotthyDiode io =2A Tt | 0 | | tS | 20 | Vv 
| VF1SubstrateDiode flo =2A | | ee | 0 | | 2 | 30 | Vv | 
| Total Output Voltage Drop__| lo = 2A, Note 3 | {30 { 36] | 30 | 36 | v | 
| OutputRiseTime ss L=4aQ | ts | | 50 | ins 
| Output FallTime RL = 440 | ft tso fT 50 |] is 
| StartupThreshold | To | 8 
| ThresholdHysteresis | os | Tf | 


[| Junction Temperature | tc | 80 | 150 | | 180 | °C 


Total Standby Current | 


| SuppyCurent | Ee fs || 82 | 55 | ma 


Note 2: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
Note 3: The total voltage drop is defined as the sum of both top and bottom side driver. 
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TABLE 1 


H = HIGH OUTPUT 
L = LOW OUTPUT 
O = OPEN OUTPUT 


CIRCUIT DESCRIPTION 


The UC3620 is designed for implementation of a com- 
plete 3-@ brushless DC servo drive using a minimum 
number of external components. Below is a functional 
description of each major circuit feature. 


DECODER 

Table 1 shows the decoding scheme used in the UC3620 
to decode and drive each of three high current totem 
pole output stages. A forward/reverse signal, pin 13, is 
used to provide direction. At any point in time, one driver 
is sourcing, one driver is sinking, and the remaining 
driver is off or tri-stated. Pulse width modulation is ac- 
complished by turning the sink driver off during the 
monostable reset time, producing a fixed off-time chop 
mode. Controlled output rise and fall times help reduce 
electrical switching noise while maintaining relatively 
small switching losses. Hall lines require pull-up resis- 
tors. 


CURRENT SENSING 

Referring to Figure 1, emitter current is sensed across 
Rs and fed back through a low pass filter to the current 
sense pin 7. This filter is required to eliminate false trig- 
gering of the monostable due to leading edge current 
spikes. Actual filter values, although somewhat depend- 
ent on external loads, will generally be in the 1kQ and 
1000pF range. | 


TIMING . 
An R-C time constant on pin 9 is used by the monostable 
to generate a fixed off time at the outputs according to 
the formula: 

TOFF = .916RTCT 


As the peak current in the emitters approaches the value 
at the minus (-) input of the on-board comparator, the 








UC1620 
UC3620 


CURRENT WAVEFORM 


Figure 1. Current Sense Filter 


monostable is triggered, causing the outputs to be turned 
off. On time is determined by the amount of time required 
for motor current to increase to the value required to re- 
trip the monostable. A timing sequence of these events is 


shown in Figure 2. 


—»! tOFF - 


a. 2s 
TIMING (PIN 9 a sf os 
VOLTAGE =Y “6 


vcc 


EMITTER CURRENT 
(PIN 1+7) 


CHOPPED OUTPUT 
VOLTAGE 


Figure 2. Chopped Mode Timing Diagram 


CURRENT LIMIT 

Since peak current is being controlled at all times by the 
internal comparator, a simple voltage clamp at its nega- 
tive (-) input will limit peak current to a maximum value. A 
fixed 0.5V internal clamp has been included on the 
UC3620, and any current spike in the output which gen- 
erates a sensed voltage greater than 0.5V will immedi- 
ately shut down the outputs. Actual peak current values 
may be programmed by selecting the appropriate value 
of Rs according to the formula: 


0.5 


Rs = ———_—___—_—___ 
ICURRENTLIMIT 
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CIRCUIT DESCRIPTION (cont.) 


ERROR AMPLIFIER LIMIT 

A high performance, on-board error amplifier is included 
to facilitate implementing closed loop motor control. Error 
voltage generation and loop compensation are easily ac- 
complished by appropriately configuring the gain and 
feedback of this amplifier. To provide a larger dynamic 
signal range at the output of the error amplifier, a divide 
by 5 resistor network is used to reduce the error signal 
level before applying to the internal comparator. in addi- 
tion, a one volt offset has been introduced at the output of 
the error amplifier to guarantee control down to zero cur- 
rent in the output stages. Since this offset is divided by 


TYPICAL APPLICATIONS 





FWD/REVERSE 


= REVERSE 


UC1620 
UC3620 


the open loop gain of the feedback loop, it has virtually no 
effect on closed loop performance. 


PROTECTION FUNCTIONS 

Protective functions including under-voltage lockout, peak 
current limiting, and thermal shutdown, provide an ex- 
tremely rugged device capable of surviving under many 
types of fault conditions. Under-voltage lockout guaran- 
tees the outputs will be off or tri-slated until Vcc is suffi- 
cient for proper operation of the chip. Current limiting 
limits the peak current for a stalled or shorted motor, 
whereas thermal shutdown will tri-state the outputs if a 
temperature above 150°C is reached. 





HALL 


3-2 Brushless DC Open Loop Motor Drive 
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VOLTAGE 
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ISENSE 


FWD/REVERSE REVERSE 
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Closed Loop Speed Control Servo 
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Brushless DC Motor Controller 


FEATURES 


¢ Drives Power MOSFETs or Power 
Darlingtons Directly 


e 50V Open Collector High-Side Drivers 
e Latched Soft Start 


e High-speed Current-Sense Amplifier with 
Ideal Diode 


¢« Pulse-by-Pulse and Average Current Sensing 
¢ Over-Voltage and Under-Voltage Protection 

e Direction Latch for Safe Direction Reversal 

¢ Tachometer 

¢ Trimmed Reference Sources 30mA 

* Programmable Cross-Conduction Protection 


¢ Two-Quadrant and Four-Quadrant Operation 


BLOCK DIAGRAM 


PWM In(26 
E/A Out ie i 
== 


ale eee eae 


ISENSE| 3 
ISENSE1 


E/A In(+) 


ISENSE2 
Vcc 


Dir > 
Speed-Iin << 


ral 
| im i> 
OV-Coast Be TL 


UC1625 
UC3625 


2 =< 
Cy: 


The UC1625 and UC3625 motor controller ICs integrate most of 
the functions required for high-performance brushless DC motor 
control into one package. When coupled with external power 
MOSFETs or Darlingtons, these ICs perform fixed-frequency PWM 
motor control in either voltage or current mode while implementing 
closed loop speed control and braking with smart noise rejection, 
safe direction reversal, and cross—conduction protection. 


Although specified for operation from power supplies between 10V 
and 18V, the UC1625 can control higher voltage power devices 
with external level-shifting components. The UC1625 contains fast, 
high-current push-pull drivers for low-side power devices and 50V 
open-collector outputs for high-side power devices or level shifting 
Circuitry. 


The UC1625 is characterized for operation over the military tem- 
perature range of -55°C to +125°C, while the UC3625 is 
characterized from 0°C to 70°C. | 


NOTE: ESD Protection to 2kV 


5 Volt 
Reference 


ev 
if 
6 Direction 
Latch 


i 


u 
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Cross 
Conduction 
Protection 
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Decoder 


20 Tach-Out 
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ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM - UC3625 

Vcc Supply Voltage.......... Perse Ont b tl one sae +20V DIL-28 (TOP VIEW) 

Pwr Vcc Supply Voltage ........ 00.00. ccc ee eee +20V J or N PACKAGE 

PWIMSN: cece dh ictentatace ciate s coe eo hanense -0.3 to 6V — 

E/A IN(+), EAA ING)... 6. ee eee ee eee -0.3 to 12V 

ISENSE1, ISENSE2.... 000. cc sees ccc eeeceeceaee -1.3 to 6V EVA In(+)Lt) BAEIA In(-) 

OV-Coast, Dir, Speed-in, H1, H2, H3, | BE) A Out 
SSTART, Quad Sel. ............. ictididi leadwire atunte bcs -0.3 to 8V | 

PU Output Voltage:......... oxacee eves So ees -0.3 to 50V 

PU Output Current................+.. +200 mA continuous _ 

PD Output Current...............08. +200 mA continuous 2310 V-Coast 

E/A Output Curent. <aiesepiceee ne nant sai gin eleas +10mA RalQuad Sel 

| SENSE Output Current... .. beer ete e eee ee ence eee -10 mA RIAG-Brake 

Tach Out Output Current................. 000.005 +10mA eI Tach-Out 

VREF Output Current................... -50 mA continuous ~ 

Operating Temperature Range UC1625...... -55°C to 125°C 

Operating Temperature Range UC3625........ 0°C to 70°C 


Note 1: Currents are positive into and negative out of the speci- 
fied terminal. . 

Note 2: Consult Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limitations of 





packages. | Note 3: This pinout applies to the SOIC (DW), PLCC 
| (Q), and LCC (L) packages (ie. pin 22 has the same 
| function on all packages.) } 
ELECTRICAL Unless otherwise stated, these specifications apply for: TA = 25°C; Pwr Voc = Vcc = 12V; Rosc = 20k 


CHARACTERISTICS: to VREF; Cosc = 2nF; RTACH = 33k; CTACH = 10nF; and all outputs unloaded. TA = Ty. 


TEST CONDITIONS _ MIN | TYP | MAX JUNITS| 


Overall : . . 






| Supplycurrent [Over OperatingRange tS 145 | 30.0 | mA | 
|_VecTurn-On Threshold __| Over Operating Range | 8.65 | 8.95 | 9.45 | Vv 
|_VecTum-Off Threshold | Over Operating Range __|.775 | 8.05 | 855 | v_| 


| OV-Coast inhibit Threshold __|Over OperatingRange | 865 | 1.75 | 1.85 | VO 
| OV-CoastRestat Threshold | 88 | 1.65 | 1.75 
| OV-CoastHysteresis | Cd (005 | to | 0.15 | VI 
| OV-CoastinputCurent | to Tt | 






ver Operating Range 
ver Operating Range 
ver Operating Range, to OV 


Quad Sel, Dir Thresholds | 
Quad Sel, Dir Hysteresis 
Quad Sel Input Current 
Dir Input Current 

PWM Amp/Comparator | 
E/A In(+), E/A In(-) Input Current {To 2.5V 
PWM In Input Current To 2.5V 
Error Amp Input Offset OV < VCOMMON-MODE < 3V 
Error Amp Voltage Gain 
E/A Out Range 
SSTART Pull-up Current 
SsTanrt Discharge Current 
SSTART Restart Threshold 


ver Operating Range 


On 


(o) ye) 


di 


— 
ro) 





0 2.5V 


ISENSE1 = .3V, ISENSE2 = .5V to .7V 1.75 | 1.95 
ISENSE1 = .3V, ISENSE2 = .3V | 24 | 25 | 
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| 10 
= 
(025 | | 3.50 | 
0 OV | 16 | -to | 5 | yA | 
01 | 04 | 3.0 | 
| o1 | 02 | 03 | 
2.15 
| 2.65 | 


Level Shift 


UC1625 
UC3625 


ELECTRICAL Unless otherwise stated, these specifications apply for: TA = 25°C; PWR-Vcc = Vcc = 12V; Rosc = 
CHARACTERISTICS: 20k to VreF; Cosc = 2nF; RTACH = 33k; CTACH = 10nF; and all outputs unloaded. Ta = Ty. 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX [UNITS 
Current Amp (cont.) 


Peak Current Threshold ISENSE1 = OV, Force ISENSE2 

Over Current Threshold ISENSE1 = OV, Force ISENSE2 

ISENSE1, ISENSE2 Input Current To OV 

ISENSE1, ISENSE2 Offset Current To OV 

Range ISENSE1, ISENSE2 
Tachometer/Brake 

Tach-Out High Level 

Tach-Out Low Level 

On Time 

On Time Change With Temp 

RC-Brake Input Current 

Threshold to Brake, RC-Brake 

Brake Hysteresis, RC-Brake 

Speed-In Threshold 

Speed-In Input Current 
Low-Side Drivers 









dae 


: =) 
—_ — 
> 









ver Operating Range, 10k to 2.5V 
ver Operating Range, 10k to 2.5V 


O 


_ i 
° comde 


ver Operating Range 
0 OV 
ver Operating Range 


Over Operating Range 


Blsizis 
N Solo 
O 
vo) 














| Voh,-1mA,DownFromVcc___|OverOperatingRange | | 
| VVoh,-50mA,DownFrom Voc _|OverOperatingRange | |S 

Over Operating Range |_| 0.05 

Over Operating Range | | 0.36 | 

10% to 90% Slew Time, into 1nF P| 50 


High-Side Drivers 
Vol, imA 

~ Vol, 50mA 
Leakage Current 
Fall Time 

Oscillator 
Frequency 
Frequency 

Reference 
Output Voltage 
Output Voltage 
Load Regulation 
Line Regulation 
Short Circuit Current 

Miscellaneous 


Output Turn-On Delay 
Output Turn-Off Delay 


PIN DESCRIPTIONS: 


ver Operating Range 
ver Operating Range 


utput Voltage = 50V 
0% to 90% Slew Time, 50mA Load 








w—wh 
o =“ |o 
© O;— 


Over Operating Range 


= > |= 







Over Operating Range 
OmA to -20mA Load 
10V to 18V Vcc 

Over Operating Range 


“J or 


e 
Be 
” 


a 


Dir, Speed-in: The position decoder logic translates the latch is transparent. When Speed-in is higher than 
Hall signals and the Dir signal to the correct driver sig- 250mvV, the direction latch inhibits all changes in direc- 
nals (PUs and PDs). To prevent output stage damage, tion. Speed-In can be connected to Tach-Out through a 
the signal on Dir is first loaded into a direction latch, then filter, so that the direction latch is only transparent when 
shifted through a two-bit register. the motor is spinning slowly, and has too little stored en- 


As long as Speed-in is less than 250mV, the direction ergy to damage power devices. 
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PIN DESCRIPTIONS (cont): 


Additional circuitry detects when the input and output of 
the direction latch are different, or when the input and 
output of the shift register are different, and inhibits all 
output drives during that time. This can be used to allow 
the motor to coast to a safe speed before reversing. 

The shift register guarantees that direction can’t be 
changed instantaneously. The register is clocked by the 
PWM oscillator, so the delay between direction changes 
is always going.to be between one and two oscillator pe- 
riods. At 40kHz, this corresponds to a delay of between 
25us and 50us. Regardless of output stage, 25us dead 
time should be adequate to guarantee no overlap cross- 
conduction. | 


E/A In(+), E/A In(-), E/A Out, PWM In: E/A In(+) and E/A 
In(-) are not internally committed to allow for a wide vari- 
ety of uses. They can be connected to the ISENSE, to 
Tach-Out through a filter, to an external command volt- 
age, to a D/A converter for computer control, or to 
another op amp for more elegant feedback loops. The 
error amplifier is compensated for unity gain stability, so 
E/A Out can be tied to E/A In(-) for feedback and major 
loop compensation. 

E/A Out and PWM In drive the PWM comparator. For 
voltage-mode PWM systems, PWM In can be connected 
to RC-Osc. The PWM comparator clears the PWM latch, 
commanding the outputs to chop. 

The error amplifier can be biased off by connecting E/A 
In(-) to a higher voltage than E/A In(+). When biased off, 
E/A Out will appear to the application as a resistor to 
ground. E/A Out can then be driven by an external ampili- 
fier. 


GND: All thresholds and outputs are referred to the GND 
pin except for the PD and PU outputs. 


H1, H2, H3: The three shaft-position sensor inputs con- 
sist of hysteresis comparators with input pull-up 
resistors. Logic thresholds meet TTL specifications and 
can be driven by 5V CMOS, 12V CMOS, NMOS, or 
open-collectors. 

Connect these inputs to motor shaft position sensors 
that are positioned 120 electrical degrees apart. If noisy 
signals are expected, zener clamp and filter these inputs 
with 6V zeners and an RC filter. Suggested filtering com- 
ponents are 1k and 2nF. Edge skew in the filter is not a 
problem, because sensors normally generate modified 
Gray code with only one output changing at a time, but 
rise and fall times must be shorter than 20us for correct 
tachometer operation. 

Motors with 60 electrical degree position sensor coding 
can be used if one or two of the position sensor signals 
is inverted, — 


ISENSE1, ISENSE2, ISENSE: The current sense amplifier 
has a fixed gain of approximately two. It also has a built- 


UC1625 
(UC3625 


in level shift of approximately 2.5 volts. The signal ap- 
pearing on ISENSE is: | | 


ISENSE = 2.5V + (2 * ABS (ISENSE1 — ISENSE2 )) 


ISENSE1 and ISENSE2 are interchangeable and can be 
used as differential inputs. The differential signal applied 
can be as high as +0.5V before saturation. 

If spikes are expected on ISENSE1 or ISENSE2, they are 
best filtered by a capacitor from ISENSE to ground. Filter- 
ing this way allows fast signal inversions to be correctly 
processed by the absolute value circuit. The peak-cur- 
rent comparator allows the PWM to enter a current-limit 
mode with current in the windings never exceeding ap- 
proximately 0.2V/RSENSE. The over current comparator 
provides a fail-safe shutdown in the unlikely case of cur- 
rent exceeding 0.3V/RSENSE. Then, soft start is 
commanded, and all outputs are turned off until the high 
current condition is removed. 

It is often essential to use some filter driving ISENSE1 and 
ISENSE2 to reject extreme spikes and to control slew 
rate. Reasonable starting values for filter Components 
might be 250Q series resistors and a 5nF capacitor be- 
tween ISENSE1 and ISENSE2. Input resistors should be 
kept small and matched to maintain gain accuracy. 


OV-Coast: This input can be used as an over-voltage 
shutdown in put, as a coast input, or both. This input can 
be driven by TTL, 5V CMOS, or 12V CMOS. 


PDA, PDB, PDC: These outputs can drive the gates of 
N-Channel power MOSFETs directly or they can drive 
the bases of power Darlingtons if some form of current 
limiting is used. They are meant to drive low-side power 
devices in high-current output stages. Current available 
from these pins can peak as high as 0.5A. These out- 
puts feature a true totem-pole output stage. Beware of 
exceeding IC power dissipation limits when using these 
outputs for high continuous currents. These outputs pull 
high to turn a "low-side" device on (active high). 


PUA, PUB, PUC: These outputs are open-collector, 
high-voltage drivers that are meant to drive high-side 
power devices in high-current output stages. These are 
active low outputs, meaning that these outputs pull low 
to command a high-side device on. These outputs can 
drive low-voltage PNP Darlingtons and P-channel MOS- 
FETs directly, and can drive any high-voltage device 
using external charge-pump techniques, transformer sig- 
nal coupling, cascode  level-shift transistors, or 
opto-isolated drive. (See applications). 


PWR Vcc: This supply pin carries the current sourced 
by the PD outputs. When connecting PD outputs directly 
to the bases of power Darlingtons, the PWR Vcc pin can 
be current limited with a resistor. Darlington outputs can 
also be "Baker Clamped" with diodes from collectors 
back to PWR Vcc. (See Applications) 
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PIN DESCRIPTIONS (cont,): 


Quad Sel: The IC can chop power devices in either of 
two modes, referred to as "two-quadrant" (Quad Sel low) 
and "four-quadrant" (Quad Sel high). When two-quadrant 
chopping, the pull-down power devices are chopped by 
the output of the PWM latch while the pull-up drivers re- 
main on. The load will chop into one commutation diode, 
and except for back-EMF, will exhibit slow discharge cur- 
rent and faster charge current. Two-quadrant chopping 
can be more efficient than four-quadrant. 

When four-quadrant chopping, all power drivers are 
chopped by the PWM latch, causing the load current to 
flow into two diodes during chopping. This mode exhibits 
better control of load current when current is low, and is 
preferred in servo systems for equal control over accel- 
eration and deceleration. The Quad Sel input has no 
effect on operation during braking. 


RC-Brake: Each time the Tach-Out pulses, the capacitor 
tied to RC-Brake discharges from approximately 3.33V 
down to 1.67V through a resistor. The tachometer pulse 
width is approximately T = 0.67 RT Ct, where RT and CT 
are a resistor and capacitor from RC-Brake to ground. 
Recommended values for RT are 10k to 500k, and rec- 
ommended values for CT are inF to 100nF, allowing 
times between 5yus and 10ms. Best accuracy and stabil- 
ity are achieved with values in the centers of those 
ranges. 

RC-Brake also has another function. If RC-Brake pin is 
pulled below the brake threshold, the IC will enter brake 
mode. This mode consists of turning off all three high- 
side devices, enabling all three low-side devices, and 
disabling the tachometer. The only things that inhibit low- 
side device operation in braking are low-supply, 
exceeding peak current, OV-Coast command, and the 
PWM comparator signal. The last of these means that if 
current sense is implemented such that the signal in the 
Current sense amplifier is proportional to braking current, 
the low-side devices will brake the motor with current 
control. (See applications) Simpler current sense con- 
nections will result in uncontrolled braking and potential 
damage to the power devices. 


RC-Osc: The UC3625 can regulate motor current using 
fixed-frequency pulse width modulation (PWM). The RC- 
Osc pin sets oscillator frequency by means of timing 
resistor Rosc from the RC-Osc pin to VREF and capaci- 
tor Cosc from RC-Osc to Gnd. Resistors 10k to 100k 
and capacitors 1nF to 100nF will work best, but fre- 
quency should always be below 500kHz. Oscillator 
frequency is approximately: 


F =2/RoscCosc 


Additional components can be added to this device to 
Cause it to operate as a fixed off-time PWM rather than a 
fixed frequency PWM, using the RC-Osc pin to select 
the monostable time constant. 
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The voltage on the RC-Osc pin is normally a ramp of 
about 1.2V peak-to-peak, centered at approximately 
1.6V. This ramp can be used for voltage-mode PWM 
control, or can be used for slope compensation in cur- 
rent-mode control. 


SSTAAT: Any time that Vcc drops below threshold or the 
sensed current exceeds the over-current threshold, the 
soft-start latch is set. When set, it turns on a transistor 
that pulls down on SsTART. Normally, a capacitor is con- 
nected to this pin, and the transistor will completely 
discharge the capacitor. A comparator senses when the 
NPN transistor has completely discharged the capacitor, 
and allows the soft-start latch to clear when the fault is 
removed. When the fault is removed, the soft-start ca- 
pacitor will charge from the on-chip current source. 

SSTART Clamps the output of the error amplifier, not al- 
lowing the error amplifier output voltage to exceed 
SSTART regardless of input. The ramp on RC-Osc can be 
applied to PWM In and compared to E/A Out. With 
SSTART discharged below 0.2V and the ramp minimum 
being approximately 1.0V, the PWM comparator will 
keep the PWM latch cleared and the outputs off. As 
SSTART rises, the PWM comparator will begin to duty-cy- 
cle modulate the PWM latch until the error amplifier 
inputs overcome the clamp. This provides for a safe and 
orderly motor start-up from an off or fault condition. 


Tach-Out: Any change in the H1, H2, or H3 inputs loads 
data from these inputs into the position sensor latches. 
At the same time data is loaded, a fixed-width 5V pulse 
is triggered on Tach-Out. The average value of the volt- 
age on Tach-Out is directly proportional to speed, so this 
output can be used as a true tachometer for speed feed- 
back with an external filter or averaging circuit. 
Whenever Tach-Out is high, the position latches are in- 
hibited, such that during the noisiest part of the 
commutation cycle, additional commutations are not 
possible. Although this will effectively set a maximum ro- 
tational speed, the maximum speed can be set above 
the highest expected speed, preventing false commuta- 
tion and chatter. 


Vcc: This device operates with supplies between 10V 
and 18V. Under-voltage lockout keeps all outputs off be- 
low 7.5V, insuring that the output transistors never turn 
on until full drive capability is available. Bypass Vcc to 
ground with an 0.1uF ceramic capacitor. Using a 10uF 
electrolytic bypass capacitor as well can be beneficial in 
applications with high supply impedance. 


VREF: This pin provides regulated 5 volts for driving Hall- 
effect devices and speed control circuitry. VREF will 
reach +5V before Vcc enables, ensuring that Hall-effect 
devices powered from VREF will become active before 
the UC3625 drives any output. Although VREF is current 
limited, operation over 30mA is not advised. 





CROSS CONDUCTION PREVENTION 


Decoder 


The UC3625 inserts delays to prevent cross conduc- 


tion due to overlapping drive signals. However, some 


thought must always be given to cross conduction in» 


output stage design because no amount of dead time 
can prevent fast slewing signals from coupling drive 
to a power device through a parasitic capacitance. 


The UC3625 contains input latches that serve as 
noise blanking filters. These latches remain transpar- 
ent through any phase of a motor rotation and latch 
immediately after an input transition is detected. They 
remain latched for two cycles of the PWM oscillator. 
At a PWM oscillator speed of 20kHz, this corre- 
sponds to 50us to 100us of blank time which limits 
maximum rotational speed to 100KRPM for a motor 
with six transitions per rotation or S0KRPM for a mo- 
tor with 12 transitions per rotation. | 


TYPICAL CHARACTERISTICS: 


Oscillator Frequency vs Cosc and Rosc 
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UC3625 


This prevents noise generated in the first 50us of a 
transition from propagating to the output transistors 
and causing cross—conduction or chatter. 


The UC3625 also contains six flip flops correspond- 
ing to the six output drive signals. One of these flip 
flops is set every time that an output drive signal is 
turned on, and cleared two PWM oscillator cycles af- 
ter that drive signal is turned off. The output of each 
flip flop is used to inhibit drive to the opposing output. 
(see below) In this way, it is impossible to turn on 
driver PUA and PDA at the same time. It is also im- 
possible for one of these drivers to turn on without 
the other driver having been off for at least two PWM 
oscillator clocks. 





Tachometer On Time vs RT and Cr 


100ms === 





10ms ————— 
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TYPICAL CHARACTERISTICS (cont,): 


Supply Current vs Temperature 





Supply Current (mA) 
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Soft Start Discharge Current vs Temperature 
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Soft Start Current (mA) 
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POWER STAGE DESIGN: 

The UC3625 is useful in a wide variety of applications, 
including high-power in robotics and machinery. The 
power output stages used in such equipment can take a 
number of forms, according to the intended performance 
and purpose of the system. Below are four different 
power stages with the advantages and disadvantages of 
each shown. 


For high-frequency chopping, fast recovery circulating di- 
odes are essential. Six are required to clamp the 
windings. These diodes should have a continuous Cur- 
rent rating at least equal to the operating motor current, 
since diode conduction duty-cycle can be high. For low- 
voltage systems, Schottky diodes are preferred. In 
higher voltage systems, diodes such as Microsemi 
UHVP high voltage platinum rectifiers are recom- 
mended. 


In a pulse-by-pulse current control arrangement, current 
sensing is done by resistor RT, through which the tran- 
sistor’s currents are passed (Figures A, B, and C). In 
these cases, RD is not needed. The low-side circulating 
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Soft Start Pull-Up Current vs Temperature 








Soft Start Current (pA) 
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Current Sense Amplifier Transfer Function 


ISENSE2 (V) 




















I SENSE2 - I SENSE (V) 


diodes go to ground and the current sense terminals of 
the UC3625 (ISENSE1 and ISENSE2) are connected to RT 
through an Rc filter. The input bias current of the current 
sense amplifier will cause a common mode offset volt- 
age to appear at both inputs, so for best accuracy, keep 
the filter resistors below 2k and matched. 


The current that flows through RT is discontinuous be- 
cause of chopping. It flows during the on time of the 
power stage and is zero during the off time. Conse- 
quently, the voltage across RT consists of a series of 
pulses, occurring at the PWM frequency, with a peak 
value indicative of the peak motor current. 


To sense average motor current instead of peak current, 
add another current sense resistor (RD in Figure D) to 
measure current in the low-side circulating diodes, and 
operate in four quadrant mode (pin 22 high). The nega- 
tive voltage across RD is corrected by the absolute value 
current sense amplifier. Within the limitations imposed 
by Table 1, the circuit of Figure B can also sense aver- 
age current. 





UC1625 












UC3625. 

POWER STAGE DESIGN (cont): 

TO TO 

MOTOR MOTOR 
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Fast High-Side P-Channel Driver 


VM>+45V 





For drives where speed is critical, P-Channel MOSFETs 
can be driven by emitter followers. Here, both the level 
shift NPN and the PNP must withstand high voltages. A 
zener diode is used to Jimit gate-source voltage on the 
MOSFET. A series gate resistor is not necessary, but al- 
ways advisable to control overshoot and ringing. 


Power NPN High-Side Driver 


VM >+45V 


+12V 


For under 200V 2-quadrent applications, a power NPN 
driven by a small P-Channel MOSFET will perform well 
as a high-side driver. A high voltage small-signal NPN is 
used as a level shift and a high voltage low-current MOS- 
FET provides drive. Although the NPN will not saturate if 
used within its limitations, the base-emitter resistor on 
the NPN is still the speed limiting component. 
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Optocoupied N-Channel High-Side Driver 


VM +12V 






ee Ce 7 


si > +45V 





High-voltage optocouplers can quickly drive high-voltage 
MOSFETs if a boost supply of at least 10 volts greater 
than the motor supply is provided. To protect the MOS- 
FET, the boost supply should not be higher than 18 volts 
above the motor supply. 


Power NPN Low-Side Driver 


+12V 







To 
Other 
Channels 


PWR Vcc 


PDA 
Power 
Darlington 


To Current 
Sense Resistor 


This power NPN Darlington drive technique uses a clamp 
to prevent deep saturation. By limiting saturation of the 
power device, excessive base drive is minimized and 
turn-off time is kept fairly short. Lack of base series resis- 
tance also adds to the speed of this approach. 





Fast Hi 





A small pulse transformer can provide excellent isola- 
tion between the UC3625 and a_ high-voltage 
N-Channel MOSFET while also coupling gate drive 
power. In this circuit, a UC3724 is used-as a trans- 
former driver/encoder that duty-cycle modulates the 
transformer with a 150kHz pulse train. The UC3725 
rectifies this pulse train for gate drive power, demodu- 
lates the signal, and drives the gate with over 2 amp 
peak current. 


Both the UC3724 and the UC3725 can operate up to 
500kHz if the pulse transformer is selected appropri- 
ately. To raise the operating frequency, either lower the 


COMMUTATION TRUTH TABLE 


This table shows the outputs of the gate drive and 
open collector outputs for given hall input codes and 
direction signals. Numbers at the top of the columns 
are pin numbers. 


These ICs operate with position sensor encoding that 
has either one or two signals high at a time, never all 
low or all high. This coding is sometimes referred to 
as "120° Coding" because the coding is the same as 
coding with position sensors spaced 120 magnetic 
degrees about the rotor. In response to these position 
sense signals, only one low-side driver will turn on (go 
high) and one high-side driver will turn on (pull low) at 
any time. 


h-Side N-Channel Driver with Transformer Isolation 





UC1625 
UC3625 


VMotor 


TO 
Motor 


timing resistor of the UC3724 (1k minimum), lower the 
timing capacitor of the UC3724 (S00pF minimum) or 
both. 


If there is significant capacitance between transformer 
primary and secondary, together with very high output 
slew rate, then it may be necessary to add clamp di- 
odes from the transformer primary to +12V and ground. 
Signal diodes such as 1N4148 are normally adequate. 


The UC3725 also has provisions for MOSFET current 
limiting. Consult the UC3725 data sheet for more infor- 
mation on implementing this. 
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TYPICAL APPLICATION: A 45V/BA Brushless DC Motor Drive Circuit 


+5V For 
Hall Sensors 


+ 
100nF] |20nF 


UC3625 


2200pF 


2126324 23 8 9 10 4 5 
Brake Fi 
| 3nF] 68k 5nF] 100nF 





N-Channel power MOSFETs are used for low—side driv- 
ers, while P—Channel power MOSFETs are shown for 
high-side drivers. Resistors are used to level shift the 
UC3625 open—collector outputs, driving emitter followers 
into the MOSFET gate. A 12V zener clamp insures that 
the MOSFET gate-source voltage will never exceed 
12V. Series 102 gate resistors tame gate reactance, 
preventing oscillations and minimizing ringing. 


The oscillator timing capacitor should be placed close to 
pins 15 and 25, to keep ground current out of the capaci- 
tor. Ground current in the timing capacitor causes 
oscillator distortion and slaving to the commutation sig- 
nal. 


The potentiometer connected to pin 1 controls PWM 
duty cycle directly, implementing a crude form of speed 
control. This control is often referred to as "voltage 
mode" because the potentiometer position sets the aver- 
age motor voltage. This controls speed because 
steady-state motor speed is closely related to applied 
voltage. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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VMotor 
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2N3906 
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3k To 


Motor 


To Other 
Channels 


Required 
For Brake 
And Fast 
Reverse 


VV 


To Other 


Channels 
IRF532 


102 


10k 


“T> 100nF 


2400 Required 


For Average 
Current 
Sensing 


From 
Hall 
Sensors 


Pin 20 (Tach-Out) is connected to pin 7 (SPEED IN) 
through an RC filter, preventing direction reversal while 
the motor is spinning quickly. In two—quadrant operation, 
this reversal can cause kinetic energy from the motor to 
be forced into the power MOSFETs. 


A diode in series with the low-side MOSFETs facilitates 
PWM current control during braking by insuring that 
braking current will not flow backwards through low—side 
MOSFETs. Dual current—-sense resistors give continuous 
current sense, whether braking or running in four—quad- 
rant operation, an unnecessary luxury for two—quadrant 
operation. 


The 68k ohm and 3nF tachometer components set maxi- 
mum commutation time at 140yus. This permits smooth 
operation up to 35,000 RPM for four—pole motors, yet 
gives 140us of noise blanking after commutation. 
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Phase Locked Frequency Controiler 


FEATURES 
e Precision Phase Locked Frequency 
Control System 


¢ Crystal Oscillator 


¢ Programmable Reference Frequency 
Dividers 


e Phase Detector with Absolute Frequency 
Steering 


¢ Digital Lock Indicator 


e Double Edge Option on the Frequency 
Feedback Sensing Amplifier 


e¢ Two High Current Op-Amps 
e 5V Reference Output 


BLOCK DIAGRAM 
Input Output 





Sense Amplifier 


UC1633 
UC2633 
~UC3633 






: =< 
DESCRIPTION 


The UC1633 family of integrated circuits was designed for use in phase 
locked frequency control loops. While optimized for precision speed 
control of DC motors, these devices are universal enough for most ap- 
plications that require phase locked control. A precise reference fre- 
quency can be generated using the device’s high frequency oscillator 
and programmable frequency dividers. The oscillator operates using a 
broad range of crystals, or, can function as a buffer stage to an external 
frequency source. | 


The phase detector on these integrated circuits compares the refer- 
ence frequency with a frequency/phase feedback signal. In the case of 
a motor, feedback is obtained at a hall output of other speed detection 
device. This signal is buffered by a sense ampilfier that squares up the 
signal as it goes into the digital phase detector. The phase detector re- 
sponds proportionally to the phase error between the reference and the 
sense amplifier output. This phase detector includes absolute fre- 
quency steering to provide maximum drive signals when any frequency 
error exists. This feature allows optimum start-up and lock times to be 

realized. : 


Two op-amps are included that can be configured to provide necessary 
loop filtering. The outputs of the op-amps will source or sink in excess 
of 15mA, so they can provide a low impedence control signal to driving 
circuits. 


Additional features include a double edge option on the sense amplifier 
that can be used to double the loop reference frequency for increased 
loop bandwidths. A digital lock signal is provided that indicates when 
there is zero frequency error, and a 5V reference output allows DC op- 
erating levels to be accurately set. 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (+VIN). 1... 0.0... 0c +20V 
Reference Output Current..........0.... 000 eee ee -30mA 
Op-Amp Output Currents...................00085 +30mA 
Op-Amp Input Voltages ..................0.. -.3V to +20V 
Phase Detector Output Current................... +10mA 
Lock Indicator Output Current .................... +15mA 
Lock Indicator Output Voltage .............. 200 ce eee +20V 
Divide Select Input Voltages ................. -.3V to +10V 
Double Edge Disable Input Voltage............ -.3V to +10V 
Oscillator input Voltage .................000065 -.3V to +5V 
Sense Amplifier Input Voltage ................ .3V to +20V 
Power Dissipation at TA = 25°C (Note2 ........... 1000mW 
Power dissipation at Tc = 25°C (Note 2)........... 2000mW 
Operating Junction Temperature........... -55°C to +150°C 
Storage Temperature.................00. -65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) .......... 300°C 
DIL-16 (TOP VIEW) 
J or N Package 


Div 4/5 
Input 


Div 2/4/8 
Input 2 

Lock Indicator 

Output 


Phase Detector 4 


Output 
DbI Edge 
Disable Input 5 | 
Sense Amp Aux Amp 
Input 6 | 11] Inv Input 
5V Ref Aux Amp 
Output Non-inv Input 


Loop Amp oop Amp 
Inv Input 8 | Output 





UC1633 
UC2633 
UC3633 


Note1: Voltages are referenced to ground, (Pin 16). Currents 
are positive into, negative out of, the specified terminals. 

Note 2: Consult Packaging Section of Databook for thermal limi- 
tations and considerations of package. 


CONNECTION DIAGRAMS 


PLCC-20 (TOP VIEW) 


PACKAGE PIN FUNCTION 
Q Package PIN | 


FUNCTION 
N/C 
Div 4/5 Input 
Div 2/4/8 Input 
Lock Indicator Output 
Phase Detector Output 


< 
fo) 


Dbl Edge Disable Input 
Sense Amp Input 

5V Ref Output 

Loop Amp Inv Input 


z 
Q 


Loop Amp Output 
Aux Amp Non-Inv Input 13 


oe 
gee 
eee 
pot! 
| 6 
| 8 
| 9 | 
| 10 _| 
| 12 | 
| 13 | 


8 14 
9 10 11 12 13 


OSC Output 
OSC Input 





z 
QO 





ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = 0°C to +70°C for the 
UC3633, -25°C to +85°C for the UC2633, -55°C to +125°C for the UC1633, +VIN = 


12V; TA=Ty.) 





Reference 





Short Circuit Current VouT = OV 








Input Impedance (Note 3) 











Maximum Operating Frequency 


, PARAMETER TEST CONDITIONS | MIN. | 
Supply Current +VIN = 15V et 


Output Voltage (VREF) eae F 
Load Regulation louT = OV to 7mA 
Line Regulation +VIN = 8V to 15V 





—_ 
N 


. 
. 
. 
. 





TYP. 


B 
© 


|_Input impedance (Note 3) VIN= Vip 20.5V,Tu= 25°C 
. 
Sar 
Div. 4/5 Input Current Input =5V(Div.by4) 

lIinput=Ov(Div.bys) 8.0 
| Divas Threshold | id 


_, ad 
NO |G 
Oo owh 
. [o>] i 
8 & 
= 
=~ 
N 


a 
0.0 | 50 | pA 
| 16 | 22 | v_| 





1.6 2 


Nh 


Note 3: These impedence levels will vary with Ts at about 1700ppm/°C 
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ELECTRICAL (Unless otherwise stated, these specifications apply for TA = 0°C to +70°C for the UC3633, 
CHARACTERISTICS (cont.): -25°C to +85°C for the UC2633, -55°C to +125°C for the UC1633, +VIN = 12V; TA=Tu.) 


PARAMETER TEST CONDITIONS | MIN. | TYP. | MAX. [UNITS | 


Dividers (cont.) 
Div. 2/4/8 Input Current 


Input = 5V (Div. by 8 
Input = OV (Div. by 2) 
Div. 2/4/8 Open Circuit Voltage nput Current = OuA (Div. by 4) 
Div. by 2 Threshold 
Div. by 4 Threshold 
Div. by 8 Threshold 


Sense Amplifier 


< — 
° 
w 
©. 
ro} 
= 
< 
pe) 
m 


| 150 _| 
| 2.5 | 
| 0.8 | 
se 
| 0.8 | 
| 30 
| 10 _| 
| -0.2. | 


| 33 | % 
| Threshold Hysteresis, | Tt | 
| input Bias Current, Input = 1.5V j-1.0 | -02 | | pA | 
Double Edge Disable Input | 
Input Current Input = 5V (Disabled) Pet | 500 | pA | 
: linput=OV (Enabled) | 8.0 | 0 | 5.0 | BA | 
Threshold Voltage | 05 | | 22 | 


= 


Phase Detector 





High Output Level Positive Phase/Freq. Error, Volts Below Vrer_| | 02 | 05 | Vv_| 
Low Output Level Negative Phase/Freq.Eror | S| 2 | 8 | Vv 
Mid Output Level Zero Phase/Freq. Error, PercentofVacr__—|_ 47_| 50 | 53 | % | 
|_High Level Maximum Source Current___|Vour = 4.3V | 20 | 80 | | ma | 
| Low Level Maximum Sink Current = [Vour=0.7V | 0 | 5 | ma 
lOUT = -200 to +200A, Tu = 25°C 45 | 60 | 75 | ka | 


Lock Indicator Output 
Saturation Voltage 
Leakage Current 

Loop Amplifier 


Freq. Error, louT= 5mA 
Zero Freq. Error, VouT = 15V 


2 

















| NONINV.Reference Voltage = [PercentofVer = sas] | 8 | 
|_InputBiasCurrent Input = 2.5 08 02) a 
60 | 75 | | dB 
| PSARO =evto tv E70 | 10 || | 
Short Circuit Current Source, Vour=OV_ Tt | 85 | mal 
Sink, Vout = 5V | 16 | 30 | | ma | 

Auxiliary Op-Amp 
Input Offset Voltage Vem = 2.5V PT wmv | 
Input Bias Current ae Vom=25v 8 | 2 | 
Input Offset Current | Vem = 2.5V FL cot | on | pa | 
ke Ne a OO 
| PSAReVstvtotov | 0 | 100 || 
| CMRR Ve = 0V to tv foo | | eB 
| Sper Creu Gurere Surge Vout y____ i  8_| ta 
sing Vour=SV0— | 16 | 8 | ma 


Note 3: These impedence levels will vary with Ts at about 1700ppm/°C 


APPLICATION AND OPERATING INFORMATION 
Determining the Oscillator Frequency 


The frequency at the oscillator is determined by the de- 
sired RPM of the motor, the divide ratio selected, the 
number of poles in the motor, and the state of the double 
edge select pin. 


fosc(Hz) = (Divide Ratio) * (Motor RPM) * (1/60 SEC/MIN) « 
(No. of Rotor Poles/2) ¢ (x 2 if Pin 5 Low) 


UC1633 
UC2633 
UC3633 


The resulting reference frequency appearing at the phase 
detector inputs is equal to the oscillator frequency divided 
by the selected divide ratio. If the double edge option is 
used, (Pin 5 low), the frequency of the sense amplifier in- 
put signal is doubled by responding to both the rising and 
falling edges of the input signal. Using this option, the 
loop reference frequency can be doubled for a given mo- 
tor RPM. 


Recommended Oscillator Configuration Using AT Cut Quartz Crystal 





O1p,F May Be 


Required 


470Q To Prevent 


Spurious 
Oscillation 


External nage 


1 TO 2VpP T fa 
Or 
—~.2VpP to 2V | | | 


pF 100k 
1% 


*VPP 
>300mVpPP 
Low Level 
Analog Hall 

Output 


*This signal may require filtering if chopped mode drive scheme is used. 
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APPLICATION AND OPERATION INFORMATION 
Phase Detector Operation | 

The phase detector on these devices is a digital circuit 
that responds to the rising edges of the detector’s two in- 
puts. The phase detector output has three states: a high, 
5V state, a low, OV state, and a middle, 2.5V state. In the 
high and low states the output impedance of the detector 
is low and the middle state output impedence is high, typi- 
cally 6.0kQ. When there is any static frequency difference 
between the inputs, the detector output is fixed at its high 
level if the +input (the sense amplifier signal) is greater in 
frequency, and fixed at its low level if the -input (the refer- 
ence frequency signal) is greater in frequency. 


When the frequencies of the two inputs to the detector 
are equal, the phase detector switches between its mid- 
die state and either the high or low states, depending on 
the relative phase of the two signals. If the +input is lead- 
ing in phase then, during each: period of the input fre- 
quency, the detector output will be high for a time equal to 
the time difference between the rising edges of the inputs, 
and will be at its middle level for the remainder of the pe- 
riod. If the phase relationship is reversed, then the detec- 
tor will go low for a time proportional to the phase 
difference of the inputs. The resulting gain of the phase 


UC1633 
UC2633 
UC3633 


detector. ka, is 5V/4x radians or about 0.4V/radian. The 
dynamic range of the detector is +2zx radians. 


The operation of the phase detector is illustrated in the 
figures below. The upper figure shows typical voltage 
waveforms seen at the detector output for leading and 
lagging phase conditions. The lower figure is a state dia- 
gram of the phase detector logic. in this figure, the circles 
represent the 10 possible states of the logic, and the con- 
necting arrows represent the transition events/paths to 
and from these states. Transition arrows that have a 
clockwise rotation are the result of a rising edge on the 
+input, and conversely, those with counter-clockwise rota- 
tion are tied to the rising edge of the -input signal. 


The normal operational states of the logic are 6 and 7 for 
positive phase error, 1 and 2 for a negative phase error. 
States 8 and 9 occur during positive frequency error, 3 
and 4 during negative frequency error. States 5 and 10 
occur only as the inputs cross over from the frequency er- 


_ ror to a normal phase error only condition. The level of the 


phase detector output is determined by the logic state as 
defined in the state diagram figure. The lock indicator out- 
put is high, off, when the detector is in states 1, 2, 6, or 7. 


Typical Phase Detector Output Waveforms 


T 
(One Period of 
Reference Frequency) 


Rising Edge 
on Phase Detector =) @ 
-Input 
(Reference) - + 


Output=5V 


Output=2.5V 


Sense Amplifier Input 
Leading Reference 
Frequency Input 

By 90 Degrees 


Sense Amplifier Input 
Trailing Reference 
Frequency Input 

By 90 Degrees 


Rising Edge ~ 

on Phase Detector 
+Input 

(Sense Amp) 


Output=0V 





Digital Lock Indicator High During States 1, 2, 6 and 7. 
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UCi633 
UC2633 
APPLICATION AND OPERATION INFORMATION UC3633 


Suggested Loop Filter Configuration 


From Ref. 
Filter 


To Power 
Drive Stage 


VouT 


Loop UC1633 
Amp 


VADJ 5V or OV 


* The static phase error of the loop is easily adjusted by 
adding resistor, R4, as shown. To lock at zero phase error 


R4 is determined by: 


2.5V* R3 


nee | A Vour | 





OP = Ci 


1 
mee (Ri + Ra Ci 
Where: |AVoutT| = |VoUT - 2.5V| 
and VouT = DC Operating Voltage At 
Loop Amplifier Output During Phase Lock 


If: (VouT - 2.5) > 0, R4 Goes to OV 
(VouT - 2.5) < 0, R4 Goes to 5.0V 


Reference Filter Configuration 


From 
Phase Detector 1 
Output o—“// 
VIN 


UC1633 
Auxillary 
Op-Amp 


I 


Reference Filter Design Aid - Gain Response 


a a ee eee 
-—_| feo ff tt 
RY gE 


— 


Voltage Gain - (dB) 





0.2 0.406081 2 


Normalized Frequency - (@/@N) 


Variable is ue 
(For Ri=R2, 1/C7=C1/C2) 


To Loop 

Filter 

input 
VOUT 


. Ce 
Note: with R1 = R2, 6 = VG, 


Reference Filter Design Aid - Phase Response 


oS 
N' ewe 


Phase Shift - (degrees) 





-160 
180 EET SS 


0.1 02 0.406081 2 46 


Normalized Frequency - (@/@N) 


Variable is ue", 
(For Ri=R2, 1/¢%C1/C2) 
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UC1633 
UC2633 


APPLICATION AND OPERATION INFORMATION | = UC3633 
Design Example 


KV = .022V-SEC/RAD 

KT = O022NM/AMP 

J = 15€-3 NM-SEC? 
+VCC (Includes 3-5" Platters) 


Lock Indication 


4-Pole < 
3-Phase 


UC3620 Motor 


Switchmode 3-6 
Driver 


UC3633 
Phase Locked Controller 


47 270k 


Precision phase locked frequency control of 3-phase motor 
at 3600 RPM. Drive scheme is current fed using the UC3620 
switch-mode driver for 3-4 motors. 


1.) KLF(s) * KRF(s) 
2*) Ne Kp © Geo Kr 
Sed 


3.) Combined Overall Open Loop Response 








Where: 


KLF(s) = Loop Filter Response 

KRF(s) = Reference Filter Response 

N = 4 (Using Double Edge Sensing With 4 Pole 
Motor) 

Ko = Phase Detector Gain (.4V/RAD) 

GPD = Power Stage Transductance (1A/V) 

KT = Motor Torque Constant (.022NM/A) 


J = Motor Moment of Inertia (.0015NM/A - SEC?) 
Normalized Frequency - f/fp —»(fp = 4Hz) S = Qnif 














01.02 .050.10.2 05 1 2 5 10 20 50100 


*Note: For a current mode driver the electrical time constant, LM / Rw, of the motor does not enter into the small signal re- 
sponse. If a voltage mode drive scheme is used, then the asymptote, plotted as 2 above, can be approximated by: 


NeKoe Kepe KT, Vy &™ kr? Rim 
ge : d ~——_—- <f 
Ae ae if? RM > KT J and, 5.3 Je Be * < one Ei 


Here: Kpp = Voltage gain of Driver Stage 
Rm = Motor Winding Resistance 
Lm = Motor Winding Inductance 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


Phase Locked Frequency Controller 


FEATURES 


Precision Phase Locked Frequency Control 
System 


Communication Logic for 2-Phase Motors 
Disable Input for Motor Inhibit 

Crystal Oscillator 

Programmable Reference Frequency Dividers 


Phase Detector with Absolute Frequency 
Steering 


Digital Lock Indicator 
Two High Current Op-Amps 
5V Reference Output 


BLOCK DIAGRAM 


Sense Amplifier 


Two Phase 
Drive Logic 


Loop 
Amplifier 
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UC1634 
=, UC2634 
E UC3634 





e 


DESCRIPTION 


The UC1634 series of devices is optimized to provide precision 
phase locked frequency control for two phase DC brushless mco- 
tors. These devices include most of the features of iiie general 
purpose UC1633 Phase Locked Control family and also provide 
the out-of-phase commutation signals required for driving two 
phase brushless motors. Only an external power booster stage 
is required for a complete drive and control system. 


The two commutation outputs are open collector devices that can 
sink in excess of 16mA. A disable input allows the user to simul- 
taneously force both of these outputs to an active low state. 
Double edge logic, following the sense amplifier, doubles the ref- 
erence frequency at the phase detector by responding to both 
edges of the input signal at Pin 7. 


Double Edge Logic 
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2) 


Input Supply Voltage (+VIN)........ Pe edie Bad Bea D bite GR +20V 
Reference Output Current ..................0008- -30mA 
Op-Amp Output Currents ............. 0.0. e eee +30mA 
Op-Amp Input Voltages ................-.... -.3V to +20V 
Phase Detector Output Current ................... +10mA 
Lock Indicator Output Current .................... +15mA 
Lock Indicator Output Voltage ...................06. +20V 
Divide Select Input Voitage .................. -.3V to +10V 
Disable Input Voltage ................-.0008- -.3V to +10V 
Oscillator Input Voltage .......... 0.0.00 e eee -.3V to +5V 
Sense Amplifier Input Voltage ................ -.3V to +20V 
Driver Output Currents ........... 0.00. eee ee eee +30mA 
Driver Output Voltages... 1... eee eee +20V 
Power Dissipation at TA = 25°C(Note 2) ........... 1000mW 
Power Dissipation at Tc = 25°C (Note 2)........... 2000mW 
Operating Junction Temperature ........... -55°C to +150°C 
Storage Temperature................006. -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C 


DIL-16, SOIC-16 (TOP VIEW) 
J or N Package, DW Package 


Div. 2/4/8 
input a 
Lock Indicator BH 
Output 
Phase Detector 
Output 
Disable 
Input 4 
Driver A 
Output 5 | 
Driver B Gg 
Output Input 
Sense Amp Loop Amp. 
Input Output 


5V Ref. Loop Amp. 
Output 8 9 Inv. Input 


Buffer Amp. 
Output 


Buffer Amp. 





UC1634 
UC2634 
UC3634 


Note 1: Voltages are referenced to ground, (Pin 16, DIL Pack- 
age). Currents are positive into, negative out of, the specified 
terminals. 

Note 2: Consult Packaging Section of Databook for thermal 
limitations and considerations of package. 


CONNECTION DIAGRAMS 


PLCC-20 (TOP VIEW) 
Q Package 












PACKAGE PIN FUNCTION 
FUNCTION | PIN | 

N/C a= 

| ON aie 8 


Lock Indicator Output 






Phase Detector 
Output . 


| Disable Input | 5 
ee 
| DriverB Output | 8 _| 
| Sense Amp Output_| 9 _| 
ut 
t 





8 14 
9 10 11 12 13 





| Loop Amp Output | 12_| 
| Buffer Amp Input | 13 __ 
pevin 15 
| OSC Input | 18 
| DiV4/S input | 20 


NO 








ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to +70°C for the 
UC3634, -25°C to + 85°C for the UC2634 and -55°C to +125°C for the UC1634, 


+VIN=12V. TA=Tu. | 
TEST CONDITIONS 





PARAMETERS 
+VIN = 15V 


Reference 
Output Voltage (VREF 
Load Regulation 
Line Regulation 
Short Circuit Current 


a 


VouT = OV 


~ 2 
nm a 
oO 


Input DC Level (Vis) 

Input Impedance (Note 3) 
Output DC Level 

Maximum Operating Frequenc 


Div. 4/5 Input Current 
(Q Package Only, Note 4) 


lout = OmA to 7mA 
+VIN = 8V to 15V . 


Oscillator | . 
DC Voltage Gain Oscillator In to Oscillator Out 


| 

Oscillator In Pin Open, Ty = 25°C 

Be eee 
input=5V(Div.by4) 
Input=Ov(Div.by5) | 8.0 
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Bl 
a] 
BE 
> 


o 
3 |5./3 


—_ 
o>) 


ok, | ok — 
mols 
N 


—_ 
a 
~s 
- 
= 


pA 


UC1634 
UC2634 
UC3634 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to +70°C for the 
UC3634, -25°C to + 85°C for the UC2634 and -55°C to +125°C for the UC1634, 
+VIN = 12V. TA=Tu 


PARAMETERS TEST CONDITIONS 
Dividers (cont. 


Div. 4/5 Input Threshold 
Q Package Only, Note 4 


Div. 2/4/8 Input Current 


—_— 
or 


nput = 5V (Div. by 8 
nput = OV (Div. by 2 
Input Current = OvA (Div. by 4 


Div. 2/4/8 Open Current Voltage 
Div. by 2 Threshold 
Div. by 4 Threshold 
Div. by 8 Threshold 
Sense Amplifier 


Volts Below VREF 


| Threshold Voltage [PercontofVner =| 80 | 93 | 
| ThresholdHysteresis | to 
Input = 1.5V | -10 | 02 | | pA 


: 


Two Phase Drive Outputs, A and B 


| SaturationVoltage SS lcu=16mA ts | os | 
| Leakage Current Vou = 15V | | ot | 5.0 | pa | 


Disable Input 


j : 


Input Current Input = 5V (Disabled, A and B Outputs Active Low) |__| 150 | 500 | pA _ 
Input=OV(Enabled) | 50 | 0.0 | 5.0 | pA | 
| ThresholdVotage | dt | | 


Phase Detector 


Positive Phase /Freq. Error, Volts BelowVrer | | 02 | 05 | V_| 
Negative Phase / Freq. Error | | o2 | os | Vv 
Zero Phase / Freq. Error, Percent of VREF | a7 | 50 | 53 | % | 
|_-High Level Maximum Source Current _|Vour=43V es CC—C“(i«é‘L «| BO | | oma 
| LowLevelMaximum SinkCurrent ss [Vour=0.7V CC C“‘i‘L | 5 | sma 

Mid Level Output Impedance (Note 3) _|louT = -200 to +200n/A, Ty = 25°C | 45 | 60 | 75 | ka | 


Lock Indicator Output 


| Saturation Vottage Freq. Error, lout = SMA | | 03 | 045 | v_ | 
Zero Freq, Error, VouT = 15V |} on | 4.0 | pA | 


Loop Amplifier 
N INV. Reference Voltage 
Input Bias Current 
AVOL 


Percent of VREF 
nput = 2.5V 


=_ iN - 


+VIN = 8V to 15V 
Short Circuit Current Source, VouT = OV 
Sink, VouT = 5V 


oO 
apple lap|« 


Buffer Op-Amp 
Input Offset Voltage 
Input Bias Current 
PSRR 
CMRR 
Short Circuit Current 


< 
re) 
= 
no 
oO 
< 


= IN EN 
w | 


CM = 2.5V 
+VIN = 8 to 15V 
CM = Oto 10V 
Source, VouT = OV 
Sink, VouT = 5V 
Note 3: These impedance levels will vary with Ts at about 1700ppm/°C. 2 


Note 4: This part is also available in a 20 pin plastic leadless chip carrier, Q designator, where a divide by 4/5 select pin is available. 
Consult factory for details. 


3 |3 3 
> |> PIi< 


6-59 





UC1634 

UC2634 

UC3634 
APPLICATION AND OPERATION INFORMATION (For additional information see UC1633 data sheet) 7 


Design Example: | . 
Precision phased locked frequency control of a 2-phase motor at 3600 RPM. Using the commutation logic on the 
UC3634, a simple discrete drive scheme is possible. 


| a Motor 
Lock Indication Disable 


Output Input 
O 4.91520MHz Oo 


UC3634 
Phased Lock Controller 


RSENSE 


[Sf- — — — {11} 12 — 49-110 


R11 R2 R3 C3 


Cl ce R4 RS 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


UC1635 
UC2635 
UC3635 


Phase Locked Frequency Controller 


FEATURES 


e Precision Phase Locked Frequency 
Control System 


¢ Crystal Oscillator 


¢ Programmable Reference Frequency 
Dividers 


e Phase Detector with Absolute Frequency 
Steering 


¢ Separate Divider Outputs and Phase 
Detector Input Pins 


¢ Double ee Option on the Frequency 
Feedback Sensing Amplifier 


¢ Two High Current Op Amps 
e 5V Reference Output 


BLOCK DIAGRAM 


OSC OSC 
Input Output 


Sense Amp 
Input 


6 


Double Edge 


ppl cde Disable 


Disable [5] 
input 


Amplifier 
Loop 


Loop Amp 
Output 


Loop Amp 
Inv Input 
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DESCRIPTION 


The UC1635 family of integrated circuits was designed for use in preci- 
sion speed control of DC motors. An extension to the UC1633 line of 
phase locked controllers, these devices provide access to both of the 
digital phase detector’s inputs, and include a reference frequency di- 
vider output pin. With this added flexibility, this family of controllers can 
be used to obtain phase synchronization of multiple motors. = 


Areference frequency can be generated using the device’s crystal oscil- 
lator and programmable dividers. The oscillator operates using a broad 
range of crystals, or, can function as a buffer stage to an external fre- 
quency source. 


The phase detector responds proportionally to the phase error between 
the detector’s minus input pin and the sense amplifier output. This 
phase detector includes absolute frequency steering to provide maxi- 
mum drive signals when any frequency error exists. This feature allows 
optimum start-up and lock times to be realized. 


Two op-amps are included that can be configured to provide necessary 
loop filtering. The outputs of these op-amps will source or sink in excess 
of 16mA, so they can provide a low impedance control signal to driving 
circuits. 


Additional features include a double edge option on the sense amplifier 
that can be used to double the loop reference frequency for increased 
loop bandwidths. A 5V reference output can be used to accurately set 
DC operating levels. 


Phase 
Detector 
a ut 


4 Phase | 
Detector 


Divider 
Div 2/4 Output 


Divide 
Select 


Phase 
Detector 
Output 


Double Edge Logic 


Div 2/4| 2/4 
+ 


Aux Amp 
Non-inv Input 
Aux Amp 
inv Input 


5V Ref +ViINGround 
Output 


Aux Amp 
Output 
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UC1635 


UC2635 
UC3635 
ABSOLUTE MAXIMUM RATINGS _. CONNECTION DIAGRAMS 
Input Supply Voltage (+VIN) ...........0 2 ee eee +20V 
Reference Output Current ..................... -30mA SOIC—16 (Top View) 
Op-Amp Output Currents ..................8. +30mA DW Package 
Op-Amp Input Voltages .................. -0.3 to +20V 
Phase Detector Input Voltage ............. -0.3V to +5V 
Phase Detector Output Current................ +10mA 
Lock Indicator Output Current ................. +15mA Eee anes osc 
Lock Indicator Output Voltage ............ vee eee t20V -Input 2 Input 
Divide Select Input Voltages ............ -0.3V to +10V . Divider 
Double Edge Disable Input Voltage ....... -0.3V to +10V | Output 
Oscillator Input Voltage ....... eer -0.3Vto+5V | = Phase Derwetor [a +VIN 
Sense Amplifier Input Voltage ......... ... 70.3V to +20V Dbl Edge Aux Amp 
Power Dissipation at TA = 25°C, (Note 2)........ 1000mW Disable Input 5. Output 
Power Dissipation at Tc = 25°C, (Note 2) ....... 2000mW Sense Amp[¢| Aux Amp 
Operating Junction Temperature ......... -55° to 150°C © haste he yen 
Storage Temperature ................. -65° to +150°C Output Non-inv Input 
Lead Temperature.(Soldering, 10 Seconds) ....... 300°C Loop Amp 9] Loop Amp 


Inv Input Output 


Note 1: Voltages are referenced to ground, (Pin 16). Currents 
are positive into, negative out of, the specified terminals. 
Note 2: Consult Unitrode:Integrated Circuits databook for in- 
formation regarding thermal specifications and limitations of 
packages. 





DIL—16 (Top View) 7 _ | PLCC-20 & LCC-20 
J & N Packages © (Top View) | FUNCTION _i|_-PIN._| 
ING Cid 


N/C = ae 

Sah Pecnages 'Div24 
Phase Detecor input a 
Divider Output rz a 
ipfase Detedor Out 6 
ING en 


N/C 
Sense Amp Input | 8 | 
‘{5VRefOutput  —s|| 9 
|LoopAmpInvinput || 10 | 
INC C(t 


N/C 
Loop Amp Output | 12 | 
Aux Amp Non-Inv Input Ao 


Phas eee 
aaa eo Input 


Divider osc 
Output Output 
’Phase Detector 
Output 
DbI Edge Aux Amp 
Disable Input |S Output 


Sense Amp Aux Amp 
Input inv Input 


5V Ref Aux Amp Aux Amp Inv Input | 14 

Output 10] Non-inv Input Aux Amp Output | 15 

ne input 8 | Cutout. a 3 dae 
+VIN 

OSC Output | 18 | 

OSC Input | 19 | 

| 20 | 





ELECTRICAL Unless otherwise stated, specifications hold for TA = 0°C to +70°C for the UC3635, -25°C to +85°C for 
CHARACTERISTICS: the UC2635 and -55°C to +125°C for the UC1635, +VIN = 12V. TA = Ty. 


| Supply Curent | #VIN= 15V | 
Reference | . | 
| OutputVoltage (Vref) = | dd | 8 | | 
| Load Regulation lcur=0to7mA TS 8 | 20 | om 
| line Regulation = (sVn=8totsv | 20 | 20 | om 

35 | | ml 
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UC1635 
UC2635 
UC3635 


ELECTRICAL Unless otherwise stated, specifications hold for TA = 0°C to +70°C for the UC3635, -25°C to +85°C 
CHARACTERISTICS: for the UC2635 and -55°C to +125°C for the UC1635, +Vin = 12V. TA = Ty. 


PARAMETER | Testconpmions | MIN | TYP | Max |UNITS) 

DC Voltage Gain 
Input DC Level (via) 
Input Impedance (Note 2) 
Output DC Level 
Maximum Operating Frequency | 
Dividers 
Maximum Input Frequency 
Div 2/4 Input Current Input = 5V (Div. by 2) 
Input = OV (Div. by 4) 


Div 2/4 Threshold 
Divider Output High Level (w/6.8k Load to GND) 


Low Level (Open Collector Leakage) — 


= = 





Sense Amplifier 


Threshold Voltage | 30 | 33 | % | 

Threshold Hysteresis aera ee 57 ee 

Input Bias Current imput=tev 0 to | oe || 
Double Edge Disable Input 

Input Current nput=SV (Disabled) || 150 | 500 | YA | 
nput=OV (Enabled) | 8.0 | 00 WA 


8 
=~ 





<5 


Threshold Voltage 
Phase Detector 
-Input Threshold 


1. 


o> 










Detector Responds to Falling Edge 


05 | 
‘nput Current mput=22V 0 
et 


High Output Level | 02 | 
Low Output Level Negative Phase/Freq.Enor || 
Mid Output Level Zero Phase/Freq. Error, PercentofVacr | 47 | 80 _| 


High Level Maximum Source VouT = 4.3V 
Current 


Low Level Maximum Sink Current |VouT 0.7V | 20 | 





Mid Level Output Impedance louT = -200 to +200pA, Tu = 25°C 
(Note 3) 


| Loop Amplifier 


Non-Inv Reference Voltage __—_—|Percentofveer_— 
Input Bias Current Input=25V 0 
AVOL ee 
Short Circuit Current Source, Vour=OV | 8 
Sing Vour=5V0 8 


Note 3: These impedance levels will vary with Ty at about 1700ppm/°C. 








3/8 /slals|= 
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UC1635 
UC2635 
UC3635 


ELECTRICAL ' Unless otherwise stated, specifications hold for TA = 0°C to +70°C for the UC3635, -25°C to +85°C 
CHARACTERISTICS: for the UC2635 and -55°C to +125°C for the UC1635, +Vin = 12V. TA = Ty. 


PARAMETER | TESTCONDITIONS MIN | TYP _| MAX JUNITS 
| Input Offset Voltage Vom=25V0 
| InputBias Current Vom=26V | 08 | 0 
[Input Offset Curent [Vom=zsy Tt ot |p 
FO re eet | OO 













< 


: 


. 


NEN 
o;oO 






3 
> 


| 100 | | a8 
[eine 


: mA 
Sink vour=5V 18 | 80 


m 


8 
a 
| 0.4 | 
| 20 | | 8 
PPsAR OO ensttotpve 0 | 10 | 
ae 
Lee 
Ld 


> 


Application and Operation Information 
(For Additional Application Information see the UC1633 Data Sheet) 
(Pin numbers refer to DIL and SOIC packages) 


Phase Detector Input 


5V Reference 


Phase 
Detector 
Input 


et ic TO 5V 


0 TO 0.5V 


To Load | 





UDG-92012 


Reference Divider Output Detail 





5V Reference 


From Logic Divider 


Output 
(Note) 


I 
UC1635 


UDG-92011 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


6-64 


INTEGRATED 
CIRCUITS 


mee UNITRODE 


= My,  UC1637 
€ UC2637 
i = UC3637 


Switched Mode Controller for DC Motor Drive 


FEATURES 


Single or Dual Supply 
Operation 


+ 2.5V to + 20V Input Supply 


Range 


+ 5% Initial Oscillator 
Accuracy; + 10% Over 
Temperature 


Pulse-by-Pulse Current 
Limiting 

Under-Voltage Lockout 
Shutdown Input with 


Temperature Compensated 
2.5V Threshold 


Uncommitted PWM 
Comparators for Design 
Flexibility 


Dual 100mA, Source/Sink 
Output Drivers 


BLOCK DIAGRAM 


+Vs 6 | 


ISET 


+VTH/ 1 


Cr{2| 


-VTH {3 | 
-E/A [16] 
+E/A N15 


-Vs 15) 


E/A OUTPUT 
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DESCRIPTION 

The UC1637 is a pulse width modulator circuit intended to be used for a variety of 
PWM motor drive and amplifier applications requiring either uni-directional or bi- 
directional drive circuits. When used to replace conventional drivers, this circuit 
can increase efficiency and reduce component costs for many applications. All 
necessary Circuitry is included to generate an analog error signal and modulate 
two bi-directional pulse train outputs in proportion to the error signal magnitude 
and polarity. 


This monolithic device contains a sawtooth oscillator, error amplifier, and two 
PWM comparators with +100mA output stages as standard features. Protection 
circuitry includes under-voltage lockout, pulse-by-pulse current limiting, and a 
shutdown port with a 2.5V temperature compensated threshold. 


The UC1637 is characterized for operation over the full military temperature range 
of -55°C to +125°C, while the UC2637 and UC3637 are characterized for -25°C to 
+85°C and 0°C to +70°C, respectively. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Vollage:GVs) ne die ct ohn wie Sania ae noe ETA Oe Pee a eek +20V 
Output Current, Source/Sink (Pins 4, 7)......... 0... cece cee een eens 500mA 
Analog Inputs (Pins 1, 2, 3, 8,9, 10, 11 12,13, 14,15,16)....................08. +Vs 
Error Amplifier Output Current (PIN 17) 2.0.0.0... 0... cc ccc eee eens +20mA 
Oscillator Charging Current (Pin 18)....... 0.0... cc ccc ee eee tenes -2mA 
Power Dissipation at TA = 25°C (Note 2)... 0... ec ce ee ee ees 1000mW 
Power Dissipation at Tc = 25°C (Note 2)... 0... 0.0... cece er eae: 2000mW 
Storage Temperature Range ............ 0... cece cece eee eee naes -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds).......... 0... 0. cece eee eee eee +300°C 


Note 1: Currents are positive into, negative out of the specified terminal. 
Note 2: Consult Packaging Section of Databook for thermal limitations and considerations 
of package. 


UNDER- | 
VOLTAGE 
LOCKOUT 


-Bin +BiN 


Note: Fault latches are reset dominant. 
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UC1637 
UC2637 


CONNECTION DIAGRAM UC3637 


DIL-18 (TOP VIEW) PLCC-20, LCC-20 


J or N Package | (TOP VIEW) 
Q, L Packages 








FUNCTION 
-VTH os 
avs 
on 


8 14 | +BIN | 
9 10 1112 13 +BiN 


SOIC-20 (TOP VIEW) 


DW Package 


|_ SHUTDOWN | 15 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
. UC1637; -25°C to +85°C for the UC2637; and 0°C to +70°C for the UC3637; +Vs = 
+15V, -Vs = - 15V, +VTH = 5V, -VTH = -5V, RT = 16.7kQ, CT = 1500pF, TA=Ty. 




























ee | renee arate el ™ 
[MIN | TYP | MAX | MIN | TYP | MAX | 
Oscillator 
| initial Accuracy | T= 25°C | 94 | to | to6 | 9 | to | 14 | KHz 
VPIN 3 = -3V 
| Temperature Stability [Over OperatingRange (Note3)_ | | 5 | 2 | | os | 2 | mm | 
| 4VTHInputBias Current |vewa2=ev_ | 10 | 0.1 | 10 | -10 | 0.4 | 10 | pA | 
| -ViHInputBias Current [Vew2=ov | 10 | 0.5 | | 10 | 05 | | BA | 
| 4VTH.-VrH InputRange | sa] vse favs] | -vsr2{ vv | 
Error Amplifier 
|_Input OffsetVottage ss [Vem=ov | | | Lt | 10 | mv 
|_InputBiasCurrent ss [Vem=ov— | ts | | Cf oS | 5 | A | 
tet feet Curent —_ew=0¥-——____ ot 
| CommonModeRange |vs=225t020v Ve] | Vs |-vsr2| | avs |v 
too | {| 80 | 100 | | _oB 
Slew Rate ae eek Fs i ee Ee 
| UnityGainBandwitth =| 
too | | 75 | 100 | |B 
| PSAR Vs = 22.5 to 220V io | |B 
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UC1637 

UC2637 

UC3637 
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 


UC1637; -25°C to +85°C for the UC2637; and 0°C to +70°C for the UC3637: Vs = 
+15V, -Vs = - 15V, +VTH = 5V, -VTH = -5V, RT = 16.7kQ, Cr = 1500pF, Ta=Ty. 


PARAMETERS TEST CONDITIONS UC1637/UC2637 UC3637 


Error Amplifier (Continued) 


Output Sink Current 
Output Source Current 
High Level OutputVottage | 






i 






< 
v 
z 
N 
° 
< 
oad 
wo 
on) 






Low Level Output Voltage -14.8 | -13 


- | PWM Comparators 
Input Offset Voltage 


Input Bias Current CM = OV 

Input Hysteresis 

Common Mode range Vs 
Current Limit 

Input Offset Voltage 

Input Offset Voltage T.C. 

Input Bias Current 


3 3 3 (3 


< 


+Vs-2 | -Vs+1 


NO 


+5V to +40V 


i] 
< 
” 
+ 
_ 


S 
= 
F 
2 
< 
i 





Vem = OV, Ty = 25°C 


+ 
3 
<|B |S |Z 


@ 


-Vs 


O 


Vs = +2.5V to +20V +Vs- 


ro 


Common Mode Range 





Shutdown Threshold 

Hysteresis 

Input Bias Current 
Under-Volitage Lockout 

Start Threshold 


(Note 4) 


< 


Ko 
Wo 


PIN 14= +Vs to -VsS 











|| 415 | 50 | v_ | 
Hysteresis 0.25] | | fo | | mv | 


Total Standby Current | 


| SupplyCurent | 8 Tt P85 | ts | ma 


Output Section 


ISINK = 100mA 
(Note 3) CL = Inf, Tu = 25°C | 


Note 3: These parameters, although guaranteed over the recommended operating conditions, are not.100% tested.in production. 
Note 4: Parameter measured with respect to +Vs (Pin 6).-- 
Note 5: Parameter measured at +Vs (Pin 6) with respect to -Vs (Pin 5). 


FUNCTIONAL DESCRIPTION 


Following is a description of each of the functional blocks minal voltage is buffered internally and also applied to the 
shown in the Block Diagram. ISET terminal to develop the capacitor charging current 
| through RT. If RT is referenced to -Vs as shown in Figure 
1, both the threshold voltage and charging current will 
vary proportionally to the supply differential, and the oscil- 
lator frequency will remain constant. The triangle wave- 
form oscillators frequency and voltage amplitude is 
determined by the external components using the formulas 
given in Figure 1. 


Note 5) 


| 















Oscillator 

The oscillator consists of two comparators, a charging 
and discharging current source, a current source set ter- 
minal, ISET and a flip-flop. The upper and lower threshold 
of the oscillator waveform is set externally by applying a 
voltage at pins +VTH and -VTH respectively. The +VTH ter- 
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(+VTH )-(-Vs ) 
RT 
sis 
f = 3CrT{(+VTH )-(-VTH)] 


Is = +VTH = 


( 
-VtH = (-Vs) .( 


Figure 1. Oscillator Setup 


PWM Comparators 

Two comparators are provided to perform pulse width 
modulation for each of the output drivers. Inputs are un- 
committed to allow maximum flexibility. The pulse width of 
the outputs A and B is a function of the sign and ampli- 
tude of the error signal. A negative signal at Pin 10 and 8 
will lengthen the high state of output A and shorten the 
high state of output B. Likewise, a positive error signal re- 
verses the procedure. Typically, the oscillator waveform is 
compared against the summation of the error signal and 
the level set on Pin 9 and 11. 


MODULATION SCHEMES 


Case A Zero Deadtime (Equal voltage on Pin 9 and Pin 11) 
In this configuration, maximum holding torque or stiffness 
and position accuracy is achieved. However, the power 
input into the motor is increased. Figure 3A shows this 
configuration. 


Case B Small Deadtime (Voltage on Pin 9 > Pin 11) 
Asmall differential voltage between Pin 9 and 11 provides 
the necessary time delay to reduce the chances of mo- 
mentary short circuit in the output stage during transi- 
tions, especially where power-amplifiers are used. Refer to 
Figure 3B. 


Case C Increased Deadtime and Deadband Mode 
(Voltage on Pin 9 > Pin 11) 

With the reduction of stiffness and position accuracy, the 
power input into the motor around the null point of the 
servo loop can be reduced or eliminated by widening the 
window of the comparator circuit to a degree of accep- 
tance. Where position accuracy and mechanical stiffness 
is unimportant, deadband operation can be used. This is 
shown in Figure 3C. 


(= )-(-Vs )) (R2+R3) 
(-Vs) +\ ~__ RTFR2+R3 
(+Vs)-(-Vs )) =) 
— R1i+R2+R3 








UC1637 
UC2637 
UC3637 


'2| Cr 
UC1637 


-VTH 


ISET 


UC1637 
OSCILLATOR AA 
(PIN 2) 


SIGNAL 
(PIN 17) 


Figure 2. Comparator Biasing 


Output Drivers 

Each output driver is capable of both sourcing and sinking 
100mA steady state and up to 500mA on a pulsed basis 
for rapid switching of either POWERFET or bipolar tran- 
sistors. Output levels are typically -Vs + 0.2V @50mA 
low level and +Vs - 2.0V @50mA high level. 


Error Amplifier 

The error amplifier consists of a high slew rate (15V/us) 
Op-amp with a typical 1 MHz bandwidth and low output im- 
pedance. Depending on the +Vs supply voltage, the com- 
mon mode input range and the voltage output swing is 
within 2V of the Vs supply. 


Under-Voltage Lockout . 

An under-voltage lockout circuit holds the outputs in the 
low state until a minimum of 4V is reached. At this point, 
all internal circuitry is functional and the output drivers are 
enabled. If external circuitry requires a higher starting 
voltage, an over-riding voltage can be programmed 
through the shutdown terminal as shown in Figure 4. 
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(Pins 8,11) 


(Pins 11,9) aa Kee 


(Pin 9) -— 
(Pin 11) 4—-—— 


BOUT 


AOUT Aout 


Shutdown Comparator 

The shutdown terminal may be used for implementing 
various shutdown and protection schemes. By pulling the 
terminal more than 2.5V below VIN, the output drivers will 
be enabled. This can be realized using an open collector 
gate or NPN transistor biased to either ground or the 
negative supply. Since the threshold is temperature stabi- 
lized, the comparator can be used as an accurate low 
voltage lockout (Figure 4) and/or delayed start as in Fig- 
ure 5. In the shutdown mode the outputs are held in the 
low state. 


2.5(R1+R2) 


VSTART = Ri 


Figure 4. External Under-Voltage Lockout 


Current Limit 

A latched current limit amplifier with an internal 200mV 
Offset is provided to allow pulse-by-pulse current limiting. 
Differential inputs will accept common mode signals from 


| 
Bout FLL. 








UC1637 
UC2637 
UC3637 


—»| }»—DEADTIME 
(B) 


(Pin 9) 


(Pin Fe BA 





Figure 5. Delayed Start-Up 


-Vs to within 3V of the +Vs supply while providing excel- 


lent noise rejection. Figure 6 shows a typical current 
sense circuit. 





Figure 6. Current Limit Sensing 


6-69 


ond 
O 
os 
- 
= 
Oo 
O 
CQ 
Liu 
vy) 
a. 
” 


SHUT- 
IN DOWN 


POSITION 
COMMAND 
VOLTAGE 


Figure 8. Single Supply Position Servo Motor Drive 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


RY ke, UC1717 


= UC3717 
Stepper Motor Drive Circuit Ss 


= 
canines DESCRIPTION 
Half-step and Full-step Capability The UC3717 has been designed to contro! and drive the current in 
one winding of a bipolar stepper motor. The circuit consists of an LS- 
TTL-compatible logic input, a current sensor, a monostable and an. 
¢ Built-in Fast Recovery Schottky output stage with built-in protection diodes. Two UC3717s and a few. 
Commutating Diodes external components form a complete control and drive unit for LS- 


* Wide Range of Current Control 5-1000mA TTL or micro-processor controlled stepper motor systems. 
The UC1717SP is characterized for operation over the: full military 
Wide Voltage Range 10-45V temperature range of -55°C to +125°C, while the UC3717 is charac- 


¢ Designed for Unregulated Motor Supply terized for 0°C to +70°C. 
Voltage 





¢ Bipolar Constant Current Motor Drive 


¢« Current Levels can be Selected in Steps 
or Varied Continuously 


¢ Thermal Overload Protection 
ABSOLUTE MAXIMUM RATINGS (Note 1) 





Voltage 
LOGIC: SUPDIV, VGC ick Meise ewe Uae ets eee Boe Stas ace 7V 
OUtpUuLSUDPIV, VINE ica Fics cicus Hoe eee ae Sea eee eee 45V 

peed Note 1: All voltages are with respect to ground Pins 
ria Inputs (Pins 7, 8, 9). diva te eon, Muece oeeatae mana eee 6V 4,5, 12, 13. Pin numbers refer to DIL-16 package. Cur- 

QiNpUL (Pin 10) enn gett oad Nea ay whan ees Vcc iio fth ‘fed ter- 
Reference Input (Pin 11)......... 0.0.0... cece ee eee eee iv Of ents are positive into, negative out of the specified ter 
minal. 

Input Current Note 2: Consult Packaging Section of Databook for in- 
Logic Inputs (Pins 7, 8,9) ......... eee ee eee eee eee ee -10mA = formation on thermal limitations and considerations of 
Analog Inputs (Pins 10,11)........ 0.0... ccc eee ee ee ees -10mA package. 

Output Current (Pins 1, 15)......... 0... cc cece eee ees +1A 

Junction Temperature, Ty... 6. eee nee es +150°C 

Storage Temperature Range, TS .................. -55°C to +150°C 

BLOCK DIAGRAM 


AOUT BOUT 3,14 VM 


Monostable 
tOFF = 0.69 RTCT 


Current Timing Emitters 
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UC1717 
oe RAC AGA UC3717 
CONNECTION DIAGRAMS — dia 
DIL-16 (TOP VIEW) PLCC-20 (TOP VIEW) | PACKAGE PIN FUNCTION | 


|___ FUNCTION _| 
JP or N Package Q Package FUNCTION ___PIN__ 





7 vet 
ty Emintere Gd. | 
Ne 6 


phrrtrt—“—isSdrCO@tCsdt 

| Phase  _—s—s—si|s«'10' Cr 

8 14 dae od 
9 10 11 12 13 





1 
2 
| Va 4 


Vm = 
_N/IC a 
eee reas ae 
| Curent | 13 
VR 
| Gnd dC 8 
a  -S 
| Gnd 
a en 


17 | 


AOouT 
| Emitters | 20 





1 
1 


RECOMMENDED OPERATING CONDITIONS 
| PARAMETER | - MIN | TYP_ 
4.75 





| ueii7 15 
 UGS717 | | |e 


ELECTRICAL CHARACTERISTICS Over recommended operating conditions, unless otherwise specified, TA = Ty. 




















| PARAMETER |S CTESTCONDITIONS§ «MIN | TYP | MAX [UNITS 
| SupplyCurenticc | ml 
High-Level Input Voltage, Pins7,8,9 | Ct 

| _Low-Levelinput Voltage, Pins7,8,9 | 
|__High-Level input Current, Pins7,8,9  |viz24v 00 
04 | || mA 
Comparator Threshold Voltage lo=O,h=0,VA=50V st 390 | 420 | 440 | mv | 
lo=t,=OVas50v | 280 | 250 | 270 | mv | 
lo=O,n=1,Va=5.0v ts | 80 | 90 | mv 

| ComparatorinputCurent | 20 
ff too | pA | 
Im = 500mA a ee 
| 4 | 2d | Ww 
IM=800mA,fs=30KHz CT | 2 | ot | OW 

| CutOfiTime,torr VM = 10V, tonz Sys (See FigureSand6) | 25 | 30 | 35 | us 
|| 16 | 20 | us | 
| Thermal Shutdown Junction Temperature] Cd tO] BO | °C 
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Allowable Power Dissipation - 


Ambient Temperature - (°C) 





Figure 1 




















VcE Sat High (V) 











0.5 0.8 
Output Current (A) | 





Figure 2: Typical Source Saturation Voltage vs Output Current 


FUNCTIONAL DESCRIPTION 


The UC3717 drive circuit shown in the block diagram in- 
cludes the following functions: 


(1) Phase Logic and H-Bridge Output Stage 

(2) Voltage Divider with three Comparators for current control 
(3) Two Logic inputs for Digital current level select 

(4) Monostable for off time generation 


Input Logic: If any of the logic inputs are left open, the 
Circuit will treat it as a high level input. 


Phase Input: The phase input terminal, pin 18, controls 
the direction of the current through the motor winding. 
The Schmidt-Trigger input coupled with a fixed time de- 
lay assures noise immunity and eliminates cross conduc- 
tion in the output stage during phase changes. A low 
level on the phase input will turn Q2 on and enable Q3 
while a high level will turn Q1 on and enable Q4. (See 
Figure 7). 


Output Stage: The output stage consists of four Dar- 
lington transistors and associated diodes connected in 
an H-Bridge configuration. The diodes are needed to pro- 
vide a current path when the transistors are being 
switched. For fast recovery, Schottky diodes are used 
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UC1717 
UC3717 


PTT TT | branes) 
ftete Hosth se le ess est 
fest Seis Ne gees 
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ee eves gid 
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0.5 0.8 
Output Current (A) 











Output Current (A) 


Figure 4: Typical Power Losses vs Output Current 


Chopping Frequency= 
ton + torr 


Bout-Aout ton | torr | 
Voltage 
Ping f(T 


Emitter 
Voltage 
(Pin 16) 


Figure 5: Connections and Component Values as in Figure 6. 


across the source transistors. The Schottky diodes allow 
the current to circulate through the winding while the sink 
transistors are being switched off. The diodes across the 
sink transistors in conjunction with the Schottkys provide 
the path for the decaying current during phase reversal. 
(See Figure 7). 


PHASEINPUT | @1,@4_ | 2,Q3_ 


Low Off 


| High | On | 





UC1717 
UC3717 


Motor 
Winding 


BOUT 3,14 VM 


Monostable 
tOFF = 0.69 RTCT 





Figure 6 


ing causing the current to decay. The time is determined 
by the external timing components RT and CT as: 


TOFF = 0.69 RTCT 


If a new trigger signal should occur during TOFF, it is ig- 
nored. 





Current Control: The voltage divider, comparators and 
monostable provide a means for current sensing and 
control. The two bit input (lo, 11) logic selects the desired 
comparator. The monostable controls the off time and 
therefore the magnitude of the current decrease. The 
time duration is determined by RT and CT connected to 
the timing terminal (pin 2). The reference terminal (pin 
11) provides a means of continuously varying the cur- 
rent for situations requiring half-stepping and micro- 
stepping. The relationship between the logic input 
signals at pin 7 and 9 in reference to the current level is 
shown in Table 1. The values of the different current lev- 
els are determined by the reference voltage together 
with the value of the external sense resistor Rs (pin 16). 


Single-Pulse Generator: The pulse generator is a 
monostable triggered on the positive going edge of the = 
comparator. Its output is high during the pulse time and Note: Dashed lines indicate current decay paths. 
this pulse switches off the power feed to the motor wind- Figure 7: Simplified Schematic of Output Stage 
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FUNCTIONAL DESCRIPTION (cont.) 


Overload Protection: The circuit is equipped with a 
thermal shutdown function, which will limit the junction 
temperature by reducing the output current. It should be 
noted however, that a short circuit of the output is not 
permitted. 


Operation: When the voltage is applied across the motor 
winding the current rises linearly and appears across the 
external sense resistor as an analog voltage. This volt- 
age is fed through a low pass filter Rc, Cc to the voltage 
comparator (pin 10). At the moment the voltage rises be- 
yond the comparator threshold voltage the monostable is 
triggered and its output turns off the sink transistors. The 
current then circulates through the source transistor and 
the appropriate Schottky diode. After the one shot has 
timed out, the sink transistsor is turned on again and the 
procedure repeated until a current reverse command is 
given. By reversing the logic level of the phase input (pin 
8), both active transistors are being turned off and the 
opposite pair turned on. When this happens the current 
must first decay to zero before it can reverse. The cur- 
rent path then provided is through the two diodes and the 
power-supply. Refer to Figure 7. It should be noted at 
this time that the slope of the current decay is steeper, 
and this is due to the higher voltage build up across the 
winding. For better speed performance of the stepping 
motor at half step mode, the phase logic level should be 
changed at the same time the current inhibit is applied. A 
typical current wave form is shown in Figure 8. 


WRAKAS VERT =200mA/DIV 

HORIZ=ims/DIV 

caeei Sees 
f| 

Fae ee ee ee ee 


(2 Se a 
eee 





Figure 8 


APPLICATIONS 


A typical chopper drive for a two phase bipolar perma- 
nent magnet or hybrid stepping motor is shown in Figure 
9. The input can be controlled by a microprocessor, TTL, 
LS or CMOS logic. 
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UC1717 
UC3717 


Stepping 
M 


otor 





Figure 9 


The timing diagram in Figure 10 shows the required sig- 
nal input for a two phase, full step, stepping sequence. 
Figure 11 shows a one phase, full step, stepping se- 
quence, commonly referred to as wave drive. Figure 12 
shows the required input signal for a one phase-two 
phase stepping sequence called half-stepping. 


The circuit of Figure 13 provides the signal shown in Fig- 
ure 10, and in conjunction with the circuit shown in Fig- 
ure 9, will implement a pulse-to-step two phase, full step, 
bidirectional motor drive. 


The schematic of Figure 14 shows a pulse to half step 
circuit generating the signal shown in Figure 12. Care 
has been taken to change the phase signal the same 
time the current inhibit is applied. This will allow the cur- 
rent to decay faster and therefore enhance the motor 
performance at higher step rates. 


Using the UC3717 to drive the L298 provides a uniquely 
packaged state-of-the-art high power stepper motor con- 
trol and drive. See Figure 15. 





UC1717 
FUNCTIONAL DESCRIPTION (cont) | | | UC3717 
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Figure 12: Phase and Current-Inhibit Signal for Half Stepping (8 Step Sequence) 


Direction 
Rev/Fwd Pnase: A 


Phase B 





Figure 13: Full Step Bidirectional Two Phase Drive Logic 


6-76 


Direction 
Switch 


CLK 
CLR 





UC1717 
UC3717 


liA 
loA 


> Phase A 
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10B 


Figure 14: Half-Step, Bidirectional Drive Logic 


CONSIDERATION 


Half-Stepping: In the half step sequence the power in- 
put to the motor alternates between one or two phases 
being energized. In a two phase motor the electrical 
phase shift between the windings is 90 degrees. The 
torque developed is the vector sum of the two windings 
energized. Therefore when only one winding is energized 
the torque of the motor is reduced by approximately 
30%. This causes a torque ripple and if it is necessary to 
compensate for this, the VR input can be used to boost 
the current of the single energized winding. 


Ramping: Every drive system has inertia and must be 
considered in the drive scheme. The rotor and load iner- 
tia plays a big role at higher speeds. Unlike the DC motor 
the stepping motor is a synchronous motor and does not 
change its speed due to load variations. Examining typi- 
cal stepping motors, torque vs. speed curves indicates a 
sharp torque drop off for the start-stop without error 
curve, even with a constant current drive. The reason for 
this is that the torque requirements increase by the 
square of the speed change, and the power need in- 
creases by the cube of the speed change. As it can be 
seen, for good motor performance controlled accelera- 
tion and deceleration should be considered. 


lron Core Losses: Some motors, especially the Tin-Can 
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type, exhibit high iron losses mostly due to eddy currents 
which rise in an exponential manner as the frequency or 
step rate is increased. The power losses can not be cal- 
culated by I7R where | is the chopping current level and 
R the DC resistance of the coil. Actual measurements in- 
dicate the effective resistance may be many times larger. 
Therefore, for 100% duty cycle the current must be lim- 
ited to a value which will not overheat the motor. This 
may not be necessary for lower duty cycle operation. 


Interference: Electrical noise generated by the chopping 
action can cause interference problems, particularly in 
the vicinity of magnetic storage media. With this in mind, 
printed circuit layouts, wire runs and decoupling must be 
considered. 0.01 to 0.1uF ceramic capacitors for high fre- 
quency bypass located near the drive package across 
V+ and ground might be very helpful. The connection 
and ground leads of the current sensing components 
should.be kept as short as possible. 


Ordering Information 


UNITRODE TYPE NUMBER 
UC3717N - 16 Pin Dual-in-line (DIL) "Bat Wing" Package 
UC1717JP - 16 Pin Dual-in-line Power Ceramic Package 





UC1717 
UC3717 


ENA 
A 


Phase A——® 
7 UC3717 
. | 9 . 


12,13, 
16 


“T 


+5V 


ENA 
B 


6,11 


Phase B 
UC3717 


jaa 
16 





R2 5 
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Figure 15: UC3717 with L298 Power Amplifier 
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Full Bridge Power Amplifier 


FEATURES 
¢ Precision Current Control 


e +/- 550mA Load Current 


1.2V Typical Total Vsat 
at 450mA 


Controlled Velocity Head Parking 


Precision Dual Supply 
Monitor with Indicator 


¢ Range Control tor 4:1 Gain 
Change 


¢ Compensation Adjust Pin for 
Bandwidth Control 


Inhibit Input and UVLO 
5V or 12V Operation 


e 


* 12mA Quiescent Supply Current 


« PLCC, SOIC, and Low Profile 
Quad Flat Pack Packages 


COMP ADJ. 


a 


UC3173A 


DESCRIPTION 

This full-bridge power amplifier, rated for continuous output current of 0.55 Amperes, 
is intended for use in demanding servo applications such as head positioning for 
high-density disk drives. This device includes a precision current sense amplifier that 
senses load current with a single resistor in series with the load. The UC3173A is 
optimized to consume a minimum of supply current, and is designed to operate in 
both 5V and 12V systems. The power output stages have a low saturation voltage 
and are protected with current limiting and thermal shutdown. When inhibited the 
device will draw less than 1.5mA of total supply current. 


Auxiliary functions on this device include a dual-input under-voltage comparator, 
which can monitor two independent supply voltages and activate the built-in head 
park function when either is below minimum. The park circuitry allows a pro- 
grammable retract voltage to be applied to the load for limiting maximum head veloc- 
ity. A separate low-side parking drive pin permits a series impedance to be inserted 
to control maximum retract current. The parking drive function can be configured to 
operate with supply voltages as low as 1.2V. 


The closed loop transconductance of the configured power amplifier can be switched 
between a high and low range with a single logic input. The 4:1 change in gain can 
be used to extend the dynamic range of the servo loop. Bandwidth variations that 
would otherwise result with the gain change can be controlled with a compensation 
adjust pin. 


A TL B OUTPUT 


ver] ae (1) ~—s*4485 Ber ae 


(10) 
PARK VOLTS 
BIAS OFF 10} +e 
BA Sees 5 | 
A- IN 


Sak ay ude 
AUX ENABLE} 
ania (UVLOSETS ; 
OUTPUT HIGH). 
1.3V 


CURRENT SENSE 


AMPLIFIER 


(12-18) 
13} 13] PWR GND 


SWITCH TO ‘ 
HIGH RANGE 121] PARK DRIVE 


INPUTS 


C/S OUTPUT 


INHIBIT [1 
PARK | 4) 


+Vin cau BIAS SUPPLY 


i (292 LOGIC SUPPLY 





5/93 Pin numbers shown are for “DW” PKG., ( ) numbers are for “QP” PKG. 
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ABSOLUTE MAXIMUM RATINGS 











Input Supply Voltage, (+Vin, +Vc, +V1)..........ccsescssecesreeeseeees 20V CONNECTION DIAGRAMS 
UV Comparator, Logic Inputs, and Ref Input IC | ae 
MaxiMUM forced VOItAGe.............ccccesssrecesssereees -0.3V to 10V SOIC - 24 (TOP VIEW) 
maximum forced CUrrent...............sccccccesssseseeceesesens +/- 10mA DW PACKAGE 
B Amplifier Inverting Input...................cccccccseee -0.3V to +Vin + 1.0V PACKAGE PIN FUNCTIONS 
A Amplifier Inverting Inputs, (Aux. and normal).-0.3Vto +Vc + 1.0V 1 
Open Collector Output Voltages ....... joanaisare scidorsnaperadsenctnenniaeov 2 reneTion {Ow | oP | Fa 
A and B Output Currents (continuous) Sets, INHIBIT fa { 44][ 9 | 
en, 7 Ee ta 
Parking Drive Output Current i UV 1 13 | 3 | oa | 
CONTINUOUS ......sessssescseccscevscdeccsscnsecrseseees Sdicaecehenee 150mA 9 PARK | 4 | 4 | 42 | 
DUIS OG csier sci stesacasasaictavuateseienededducerconcesecunt eid techaparSancan Estes 1A RANGE _| 
Output Diode Current (pulsed) ............. eesessrcesseessnesssseneesenee 0.5A RANGE ps5 | 5 | 13 
Power OK Output Current(continuous) .............ssseseeseseee SOMA lcs+ | 6 | 6 | 14, 
Operating Junction Temperature ...............07 55°C to-+150°C PLCC-28 (TOP VIEW) fcomPAD) | 7 | 7 | 15 | 
Storage Temperature ...........scssecssscssessreereeenseees - 65°C to +150°C QP PACKAGE 
Note 1: Unless otherwise indicated, voltages are reference to PARKVoLTS| 8 | 8 | 16. 
ground and currents are positive into, negative out of, the lain | 9 | 9 | at 
specified terminals, “Pulsed” is defined as a less than ve | to | 10 | 22 | 
10% duty cycle pulse with a maximum duration of 500uS. +Ve 
THERMAL DATA fPowencno | 19 [12-18] 90,91 
QP package: (see packaging section of UICC data book for more ee ener fBouTPuT [14,16 | 19 | 34, 35| 
details on thermal performance) pe . 
Thermal Resistance Junction to Leads, 6jl ............... 15°C/W avin | te | 20 | 39 | 
Thermal Resistance Junction to Ambient, 6ja....30°-40°C/W BIN = | 47,—«| -21 | 40 
ag 8 ' fer ineur | 18 | 
Thermal Resistance Junction to Leads, 6jl .............. 35°C/W Un i pead baa VIEW) REF INPUT | 18 | 22 | 45 | 
Thermal Resistance Junction to Ambient, 0ja....60°-70°C/W ee ee 
ass PwaoK | 
Thermal Resistance Junction to Leads, 6 ............... 60°C/W UO 2 | 24 | 47 | 
Thermal Resistance Junction to Ambient, 6ja .110-120°C/W PARK DRIVE | 21 | 25 | 48 | 
Note: The above numbers for 6jl are maximums for the limiting avi sf 2k | 26 | 
thermal resistance of the package in a standard mounting lcs output | 23 | 27 | 3 | 
configuration. The 8ja numbers are meant to be guide 
lines for the thermal performance of the device/pc-board l j }eRouND =| 24 | 28 | 4 | 
system. All of the above numbers assume no ambient 
airflow. | . 


Electrical Characteristics: | | . 4 
Unless otherwise stated specifications hold for Ta = 0 to 70°C, +Vin = 5V, +Vc = +Vin = +VI, Ref Input = +Vin/2, Range Input, Park Input, & Inhibit Input = OV. 


[PARAMETER ——STeSTCONDITION ————|swN |Tv [MAX | UNTS | 


INPUT SUPPLY . 








al 
ee 
cancel 

awUMoTweshad i weed 
Uno Tweshediyemeis Sd 
0 

as} 

[18 

ans 

aa 


UNDER VOLTAGE (UV) COMPARATOR | 





Input Bias Current Max at either UV input 


UV Thresholds _ low to high, other input = 5V 
UV Threshold Hysteresis ee ee 
PWR OK Vsat lout = 5mA, UV input low 


Vout = 20V 





PWR OK Leakage 
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Electrical Characteristics (Continued): 
Unless otherwise stated specifications hold for Ta = 0 to 70°C, +Vin = 5V, +Vc = +Vin = +VI, Ref Input = +Vin/2, Range Input, Park Input, & Inhibit Input = OV. 


PARAMETER TEST CONDITION TYP UNITS 
POWER AMPLIFIERS A AND B 


A Amplifier, Vem = 2.5V 
Input Offset Voltage : 
B Amplifier, Vom = 2.5V 
Input Bias Current Vem = 2.5V, Inverting inputs only 
Input Bias Current at Ref. Input (Ref. Input - C/S+)/48Kohms, Tj = 25°C 


CMRR Vem = 1 to 10V, Supplies = 12V 


+Vin = 4 to 15V, Vem = 1.5V 


; : Supplies = 12V, Vout = 1V, lout = 300mA 
Large Signal Voltage Gain to Vout = 11V, lout = -300mA 
; ; Note 1, A Amplifier 
Gain Bandwidth Product 
Note 1, B Amplifier 
High-Side Current Limit 


~ 
° 
nm 
“N 
<j< 


2 
“N 


7 


o 





V/uS 


High-Side, lout = -100mA, Note 2 
High-Side, lout = -300mA, Note 2 
High-Side, lout = -550mA, Note 2 
Low-Side, lout = 100mA 
Low-Side, lout = 300mA 
Low-Side, lout = 550mA 

Total Vsat, lout = 100mA 

Total Vsat, lout = 300mA 

Total Vsat, lout = 550mA 


. Volts below +Vin, delta High-Side Vsat = 100mvV, 
+Vc to +Vin Headroom lout = -450mA, Note 2 
High-Side Diode, Vf Id = 550mA 
Low-Side Diode, Vf Id = 550mA, Inhibit activated, B amplifer only 


CURRENT SENSE AMPLIFIER 


Output Saturation Voltage 


N 


< iS 3/3 
<ij<l| < {| <<] <<] <j <j <<] cic j<l > 3 s 





Vem = 2.5V, Low range mode 
Input Offset Voltage 


3 
< 


High range mode 


nN 
Be 
< 


Vem = -1V to 13V, Supplies = 12V 





Input Offset Change uV/V 
with Common Mode Input En rae Mrs 
High Range Mode uV/V 
Vdiff = +1.0 to -1.0V, Vem = 2.5V 0.485 VN 


Voltage Gain High range mode 
V/V 


2 ov 


Low range mode 
Low-Side, lout = 1mA, 
High-Side, lout = -imA, Referenced to +Vin 


03. - 


nN & 
; oO t 


Saturation Voltage 


al] 


PARKING FUNCTION 


Internal pull-up, Vin = 0.6V 
Vout = 20V 


Regulating Voltage at Park Volts Input 


> 


U 


uA 


(=) 
— 
a 


1.275 


Note 1: This specification not tested in production 


Note 2: The high-side saturation performance of the UC3173A is referenced to the +Vin supply pin. The +Vc suppy pin can operate slightly below 
the +Vin supply input, about 400 mV, without affecting this performance. 
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Electrical Characteristics (Continued): 


UC3173A 


Unless otherwise stated specifications hold for Ta = 0 to 70°C, +Vin = 5V, +Vc = +Vin = +VI, Ref Input = +Vin/2, Range Input, Park Input, & Inhibit Input = OV. 






PARKING FUNCTION (CONTINUED) . 
Amplifier A Auxiliary Input Bias Current 


Amplifier A Parking High-Side 
Saturation Voltage 






















Minimum Parking Supply 







Ipark = 50mA 






Minimum Supply for Parking Drive 
and Power OK Operation 


+VI Parking Supply Current 


AUXILIARY FUNCTIONS 
Inhibit Input Threshold . 
Inhibit Input Current 











Range Input Threshold 


Range Input Current Range Input = 1.7V 


Comp Adjust Pin Saturation vctiede Bsleronced 6 Aout 





Comp Adjust Leakage Current 


Total Supply Current when Inhibited 
Thermal Shutdown Temperature . 


Note 1: This specification not tested in production 


PIN FUNCTIONAL DESCRIPTION 


+Vin Provides bias supply to both the power amplifiers and the 
current sense amplifiers. The high-side drive to the power stages on both 
the A and B amplifiers is referenced to this pin. The high-side saturation 
voltages are specified and measured with respect to this supply pin. The 
parking function of the device is fully operational independent of the volt- 
ago at this pin. | 


+Vc +Vc supply pin is the high current supply to the collectors of 
the high-side NPN output devices on the A and B amplifiers. This supply 
should be powered whenever the A, or B amplifiers are to be activated. 
This pin can operate approximately 400mV below the +Vin supply without 
affecting the voltage available to the load. This supply pin provides drive 
to the power amplifiers during a parking operation. 


+Vi _ Logic portions of the UC3173A are powered by this supply 
pin, including the reference, UVLO, the UV comparators, and the PARK- 
ING DRIVE and POWER OK outputs. This pin is a low current supply that 
would normally be tied to the +Vc pin, or to a parking hold-up capacitor 
for extended parking operation with very low recovered back-enf. 


GND Reference point for the internal reference, UV comparator, 
and other low-level circuitry. 


PWRGND Current return for all high level circuitry, this pin should be 
connected to the same potentialas GND. . 
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PARAMETER "TEST CONDITIONS | MIN 





lout = -50mA, +Vin = OV, +Vc = +VIl = SV, 
Park Input Open, +Vc to Vout 


At +Vc and +VI, +Vin = OV, 
A Amplifier out - Vsat Parking Drive>0.5V 


At +VI, +Vc = +Vin = OV, Vsats < 0.5V,: 
lout Parking Drive = 50mA, Ri = 30ohms to 2V 


lout Power OK = 5mA, RI = 300ohms to 2V 


Park input Open, +VI = 5V, +Vc = 1.6V, +Vin =0V 
Power OK lout = 5mA, Parking Drive lout = 50mA 


| Inhibit Input = 1.7V 





Range Input = OV, Pin Current = +/-SO0uA 


Range Input = 1.7V, Supplies = 12V 
Aout-V Comp Adj = +/-6V 


+Vin, +Vc, and +VI currents 













. 


> 
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A Out Output for the A power amplifier, providing one end of the 
differential drive to. the load during normal operation, and during park. 
During a UVLO condition at the +Vin supply pin, this output is forced to a 
high, source only state. 


B Out Output for the B power amplifier, providing one end of the 
differential drive to the load during normal operation. During park and 
while inhibited this pin is tri-stated. 


A-In Inverting input to the A amplifier. Used as the summing 
node to close the loop on the overall power amplifier. 


B- In Inverting input to the B amplifier. Used to program the gain 
of the B amplifier to guarantee maximum voltage swing to the load. 


Refinput Reference for input control signals to the power amplifier, 
as well as, the non-inverting inputs to the A and B amplifiers, and the 
output level shift for the C/S amplifier. . 


C/S+ The non-inverting input to the current sense amplifier is typ- 
ically tied to the load side of the series current sense resistor. This pin 
can be pulled below ground during an abrupt load current change with an 
inductive load. Proper operation of the current sense amplifier will result if 
this pin does not go below ground by an amount greater than: 


Ref Input / 2 - 0.3V, in low range mode, and 
2 + Ref Input - 0.9V, in high range mode. 


PIN FUNCTIONAL DESCRIPTION (CONTINUED) 


C/S- The inverting input to the current sense amplifier is 
typically tied to the connection between the B amplifier output 
and the current sense resistor that is in series with the load. 


C/S Output The output of the current sense amplifier has a 
1.5mA current source pull-up and an active NPN pull-down. The 
output will pull to within 0.3V of either rail with a load current of 
less than 1mA. 


Range When this pin is open or at a logic low potential, 
the current sense amplifier will be in its low range mode. In this 
mode the voltage gain of the amplifier will be 2. If this pin is 
brought to a logic high, the gain of the current sense amplifier 
will change into its high range value of 0.5. This factor of four 
change in gain will vary the overall transconductance of the 
pouer amplifier by the same ratio, with the transconductance 

eing the highest in the high mode. This feature allows improved 
dynamic range of load current control for a given control input 
range and resolution. 


Comp Adj The compensation adjust pin allows the user to 
provide an auxiliary compensation network for the A amplifier 
that is only active when the current sense amplifier is in the low 
range. With this option, the user can control the change in band- 
width that would otherwise result from the gain change in the 
feedback loop. 


UV1&2 Inputs to the UV comparator, these inputs are high 
impedance sensing points used to monitor external supply condi- 
tions. Either of the inputs going low will force the device into a 
park condition, and force the Power OK output to an active low 
state. If either of these inputs is not used it should be connected 
to a voltage greater than 1.3V. 


Power OK Indicates with an active low condition that either of 
the UV inputs are low, or that the supply voltage at the +VI input 
to the UC3173A has dropped below the UVLO threshold. This 
output will remain active low until the +Vi supply has dropped to 
below approximately 1.2V. 


CHARACTERISTIC CURVES 


A AND B AMPLIFIER HIGH AND LOW VSATS 


High-Side Vsat - Volts 





0 100 200 300 400 ’ 500 


Output Current -mA 
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Park Volts The auxiliary inverting input to the A amplifier, acti- 
vated during park conditions on the UC3173A. An internal auxil- 
iary non-inverting input is connected to the 1.3V reference. 
When the auxiliary inputs are activated, the A amplifier will force 
a programmed voltage at its output for a maximum back- 
emf/velocity retract of the head. The park condition on the 
UC3173A is always activated by any one of the following four 
conditions, 1: a low condition on either of the UV inputs, 2: a high 
input level at the Park input, 3: a UVLO condition at the +VI 
supply pin, and 4: activation of the TSD, (thermal shutdown) pro- 
tection circuit. During a UVLO condition at the +VI pin the auxil- 
iary inputs to the A amplifier are over-ridden, and the A amplifier 
output is forced to its high state. 


Park Logic input that forces the park condition on the 
UC3173A. This input has an internal pull-up that will force the 
park condition if the pin is left open. 


Park Drive A 100mA drive output that is active low during a 
park operation. This pin is normally used to supply the low-side 
drive to the load during parking, in place of the B amplifier. A 
series resistor can be added between this pin and the load to 
limit current during park. 


Inhibit A high impedence logic input that disables the A 
and B power amplifiers, as well as the Current Sense amplifier. 
The UV comparators and logic functions of the UC3173A remain 
active. This input has an internal BOCuP that will inhibit the 
device if the input is left open. The Inhibit function is over-ridden 
by any condition that forces the park function to be activated. 


A AND B AMPLIFIER TOTAL VSAT 
1.4 
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Output Current - mA 





CHARACTERISTIC CURVES (CONTINUED) 


+Vin TO +Vc HEADROOM 


+Vin - +Vc - Volts 


A or B Amplifier High-Side Vsat Increase - mVolts 


A AMPLIFIER HIGH-SIDE Vsat IN PARK MODE 


A Amp High-Side Sat (+Vc to Aout) - Volts 


Output Current -mA 








Power OK Vsat - Volts 


Parking Drive Vsat - Volts 





UC3173A 


POWER OK SATURATION VOLTAGE 


ae 


0.5 






0.4 


0.3 


0.2 


Power OK Output Current - mA 


PARKING DRIVE SATURATION VOLTAGE 


Output Current - mA 


UC3173 CHARACTERISTIC CURVES (CONTINUED) 


PARK DRIVE CURRENT vs. +V1 SUPPLY 
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Parking Drive Output Current - mA 
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POWER OK CURRENT vs. +VI SUPPLY 


To 2V 
+Vo £0V 
+Vin = OV 


+VI Supply Voltage - Volts 


+Vi CURRENT VERSUS PWR OK CURRENT 


Power OK Output Current - mA 





APPLICATION INFORMATION 


UC3173A 


TYPICAL APPLICATION 


_ i Rb, | 
© Vs ~ Ria AVog*Rs 


7a Sea 
Ck. 
a ee ee *R SPINDLE 


BACK EMF 
AVcg = Current Sense 
po fs Gain 5V SUPPLY 
== 2.0 low Range, 
- 0.5 High Range Hp 


Rfa 


CONTROL INPUT (Vs) AP 
a 


CURRENT SENSE 
AMPLIFIER 


UC3173A 


Maximizing the Voltage to the Load 

in order to assure that maximum voltage drive to the load is 
achievable there are some precautions that should be taken. Ina 
standard configuration, the B amplifier is slaved to the A ampli- 
fier. The bias point of the Ref Input and the gain of the B ampli- 
fier, as well as the saturation voltages of the power output 
stages, will affect the voltage available to the load. 


There are two simple procedures to follow, either will insure that 
the capabilities of the device are fully utilized. The first is to set 
the Ref Input voltage at the center of the available voltage swing 
at the output of the power amplifiers. This optimum reference is 
defined by equation (1). 


+Vin - Visgat + Visgat 


(1) Vre¢(optimum) = 5 
where: VhSg a; = high-side Veo4 at maximum load. 
Visgat = low-side Veay at maximum load. 


Data for (1) can be taken off the characteristic curves showing 
Vsat performance versus output current. There will be a degree 
of temperature dependence to this solution since the low side 
Vsat of the power stages has a positive temperature depen- 
dence, and the high-side a negative. In some cases it might be 
worth interpolating between the 25°C and the 125°C curves to hit 
a typical junction temperature. 


A second approach is to raise the gain of the B amplifier to 
insure maximum uiek For a given Ref Input voltage the gain 
,of the B amplifier, set by the ratio of the feedback resistors, can 
be made greater than unity as given by, 
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REF INPUT 


PWR GND 


GND 


3/22/91 


+Vin - Vhssat + Vrof 
2)A = ooo 
() Ave Vret - Vissat 

or, 
Vref - Visgat 


+Vin - VhSgat - Vref 
whichever is greater than unity. 


For a typical case, where Vref has been set at +Vin/2, the 
required gain for a 5 volt system will be about 1.5, and fora 
12 volt system, 1.2. 


It is worth noting that when using this method the B amplifier 
will saturate before the A amplifier on one polarity of the volt- 
age swing. During the time when the B amplifier is saturated 
and the “amplifier is not, the small signal bandwidth of the 
loop will be reduced by a factor of (Ayp+1). 


APPLICATION INFORMATION (CONTINUED) 


Setting and Maximizing the Loop Bandwidth 

The normal configuration for compensation of the power amplifier 
is shown in the Typical Application drawing. A simple RC net- 
work. RcCc time constant is typically chosen to correspond to 
the electrical time constant of the load, given by RI/L. Where RI is 
the total load and sense resistanace between the bridge outputs, 
and L is the load inductance. 


The 3dB frequency(f3qp) of the closed loop amplifier is given by 
the following expression: 


(1 + AyB) * AyCS - Rs * Re 
Ansaid a OVE Ve 
(8)'3qB Onl + Rib 


assuming fggp >> (2nRc « Ce)! 
where: AvB is the voltage gain of the B amplifier. 
AvCS is the CS amplifier voltage gain. 


In the closed loop transconductance amplifier, the A amplifier 
operates at the highest noise gain. Noise gain is a measure of 
the feedback ratio at which the amplifier is operating. For the 
configuration of the A amplifier in the typical application drawing, 
the noise gain is given by the impedance ratio of the Rce-Cc 
series network, to the parallel combination of Rfa and Rfb. For 
the A amplifier to operate at its expected closed loop gain, the 
noise gain at any frequency must not exceed its Gain Bandwidth 
Product(GBW) divided by that frequency. Applying this to the 
expression above will yield a result for the maximum 3dB band- 
width that can be achieved for a given configuration. 


(ieee ee ee) 
3dBmax = 2nL + (Rfa + Rfb) 


where: fgbwA is the GBW of the A amplifier. 


In the UC3173A, to accommodate wider power amplifier band- 
widths, the GBW Product of the A amplifier has been extended 
to 2MHz. A loop compensated in this manner will have a second 
order closed response with the poles split around the 3dB fre- 
quency given in (3). The loop phase margin will be approxi- 
mately 45°. The value of Re required to set the above conditions 
is given by 


fgbwA « 2nL + Rfa VE 
(5) Remax = Afb ° \ se oe 
(AyB + 1) AyCS - Rs - (Ria + Rib) 


Range Change Bandwidth Control 

When the range change feature of the UC3173A is used the 
closed loop bandwidth of the power amplifier will change accord- 
ing to (3). In other words, the bandwidth would be four times 
larger during the low range mode when AVCS is equal to 2, than 
during the high range mode when AVCS is equal to 0.5, unless 
the value of Rc is adjusted to compensate. The Comp Adjust 
pin on the UC3173A can be used to do this. The Comp Adjust 
pin acts as a simple switch that allows a parallel compensation 
network to be applied around the A amplifier during low range 
operation. A simple network as shown here will keep the loop 
response constant independent of the range condition. 
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CS GAIN CONTROL. 


UC3173A 





The Comp Adjust pin switches in a parallel compensation net- 
work tostabilize the small signal bandwidth with range changes. 


Head Parking 

In the application figure, Controlled Velocity Head Parking, the 
UC3173A is shown configured to force a programmed voltage at 
the A amplifier output upon the activation of a park condition. A 
pair of feedback resistors R1 and R2 set this voltage as defined 


by 


R1 
(6) Vpark= 13° (« Br ) 


The B amplifier output is tri-stated during park, this side of the 
load is driven low by the Park Drive pin. A series resistor, Rp in 
the figure, can be inserted in series with the load to limit the peak 
current if required. 


During park, supply to the load, and the UC3173A, is typically 
recovered from the back EMF of the spindle motor. When the 
supply voltage at the +VI supply pin drops below the UVLO volt- 
age,(2.3V high-to-low), the output of the A amplifier is forced 
high, over-riding the programmed park voltage. The UC3173A 
will maintain drive to the load down to low supply levels. For 
example, with 1.5 Volts of recovered back EMF, the UC3173A 
can still deliver 50mA of drive to a 10 ohm load. 


Parking With Very Low Back EMF 

The UC3173 can also be configured to get parking drive to the 
load with very low recovered back EMF. The figure titled Head 
Parking with Low Back EMF illustrates how the Power OK pin 
can be used to drive an external PNP device to achieve very low 
parking drive Vsat losses. With this configuration, the UC3173A 
will be able to force approximately one volt across the load with 
a recovered back EMF voltage of 1.3V. 


During system commanded parking with the supplies present, 
the Park Volts pin is still used to set the maximum voltage to the 
load. The logic function of the Power OK pin is still available 
since the external PNP will provide isolation to this output when 
it is high. 


Base drive to the Park Drive and Power OK pins are provided 
by the +VI supply pin. By using a hold up capacitor, CHOLD, the 
drive can be maintained to the load as the back EMF drops to 
below 1 volt. A variation on this approach is to add a connection 
between the +VI pin and the recovered back EMF, this will elimi- 
nate the need for the holdup capacitor and provide operation 
down to about 1.2V of back EMF recovery. Care with this 
approach should be taken in case the 5V volt supply hangs at 
just below the programmed UV threshold. In this situation large 
currents could flow from this supply through the external PNP 
and into the A output which, until the supply drops below a cer- 
tain level, is forcing a programmed voltage. 





APPLICATION INFORMATION (CONTINUED) | | | UC3173A 


CONTROLLED VELOCITY HEAD PARKING 


SPINDLE 
BACK EMF - . 


AUX 
INPUTS 


1.3V 


PARK CMD {| 


INHIBIT CMD {_| sree ae 





HEAD PARKING WITH LOW BACK EMF 


gta 4 
SVSUPPLY - 4 SPINDLE 
BACK EMF 


AUX 
INPUTS 


1.3V REF INPUT 
PARK DRIVE 


PARK CMD] | 


ALL AMPLIFIERS 
INHIBIT CMD [| DISABLED 


5V SUPPLY 
+Vl 


S |} LOGIC 
pees SUPPLY 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 - 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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ORcuTS UC3174B 


aan UNITRODE eee 
Full Bridge Power Amplifier 

FEATURES DESCRIPTION 

e Precision Current Control These full-bridge power amplifiers are rated for continuous output current of 0.8 


Amperes and are intended for use in demanding servo applications such as 
head positioning for high-density disk drives. Both of these devices include a 
« 1.25V Total VsAT at 800mA precision current sense amplifier that provides accurate control of load current. 
The UC3174B is designed for ground referenced current sensing using the de- 
> Controlled Velocity Mead Parking vice’s Current Sense ee mile the UC3175B is optimized for oat current 
¢ Precision Dual Supply Monitor — with a single resistor in series with the load. These power amplifiers have a 
with Indicator very low output saturation voltage and will operate down:to 4V supply levels. 
Power output stage protection includes current limiting and thermal shutdown. 


e +800mA Load Current 


e Limit Input to Force Output 
Extremes Auxiliary functions on this device include a dual-input under-voltage compara- 


a tor, which can monitor two independent supply voltages and force a built-in 
* Inhibit Input and UVLO head park function when either is below aaimun When activated by either the 
¢ 4V to 15V operation UV comparator, or a command at the separate PARK input, the park circuitry 
will override the amplifier inputs to convert the power outputs to a programma- 
ble constant voltage source which will hold regulation as the supply voltage 
falls to below 3.0 Volts. Added features include a POWER OK flag output, a 
LIMIT input to force the drive output to its maximum level in either polarity, and 
a over-riding INHIBIT input to disable all amplifiers and reduce quiescent sup- 
ply current. 


This device is packaged in a power PLCC surface mount configuration which 
maintains a standard 28-pin outline, but with 7 pins along one edge allocated to 
ground for optimum thermal transfer. And is also available in a 24-pin surface 


mount SOIC package. 
BLOCK DIAGRAM 





Park Volts 


Limit 


A+ In/REF 


A Cur Sen 


Current 
Sense 
Amplifier 


C/S Output j28 


Bias 
+VIN Supply Supply 
* UC3175B Values in ()'s. 





Note: Pin numbers refer to PLCC package. UDG-92054 
1/93 
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pe. - UC3174B 
ABSOLUTE MAXIMUM RATINGS UC3175B 


Input Supply Voltage, (+VIN,+VC)... 0.0.0.0... cece eee eee eee eee 20V__=sCiNNotte 1: Unless otherwise indicated, voltages are 
UV Comparator, and Digital Inputs _ referenced to ground and currents are positive 
Maximum forced voltage. ........ 0... cece ee eee ees -0.3V to10V _ into, negative out of, the specified terminals. 
Maximum forced current.........0 0.00 cece cece een e cece +10mA _— “Pulsed is defined as a less than 10% duty cycle 
C/S Inputs pulse with a maximum duration of 500us. 
Maximum forced voltage... 0.0... ccc ccc cee eens -0.3V to 20v Note 2: See Unitrode Integrated Circuits databook 
A and B Amplifier Inputs ..............000eccseeeeees -0.3Vto+Vin 7 information regarding thermal specifications 
Open Collector Output Voltages ......... 00. e eee 20V and limitations of packages. 
A and B Output Currents (continuous) 
SQUICE:.. 4 vissanedeta ssa ate ete ede Re east Internally Limited 
Sink Diet e eee e eet eter e ene es ee ee ee eee 1.0A Thermal Data 
Parking Drive Output Current | QP Package: 
CCONMNUOUS: 5-318-5-4-6y o na oa ieee eae eee ea es 150mA Thermal Resistance Junction to Leads, 
PUSS 6356 06.5 Ss Se PS AR OS ae REO RUE BARES 1A JA 15°CW 
Output Diode Current (pulsed). ............ 2.02 ce eee eee ge Sohieaes TAY: eo ee, Sepia Tee ee et : 
Power OK Output Current(continuous) ..................0 eee 30mA Thermal Resistance Junction to Ambient, 
Operating Junction Temperature... ............0.0008. -55°C to +150°C QUAL cece eee eee eens 40°C/W 
Storage Temperature... 1.2.0... eee ee eee -65°C to +150°C 


SOIC-24 (Top View) PLCC-28 (Top View) PACKAGE PIN FUNCTION 
DW Package | QP Package FUNCTION 
+VIN 
| 
4 3 2 1 282726 
Park Volts [6] | 


Gnd (Heat Dissipation Pins 
A+/REF Input [6] i7]+Ve Supply 
16]B Output 11 19 B Output 
B18 15 16 17 48 
eevee fale ovine 2 a 


A Output/11| 44{B Cur Sen B+ In 
A Cur Sen{i2| . C/S+ 


| Pak —s— sid 
C/S Out | 28 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated specifications apply for 0°C < TA < 70°C, +VIN = 12V, +Vc 
= +ViIN, A+/REF Input = 6V. TA=Ty. | 


oe PARAMETER | TesTcoNpmions | MIN | TYP | MAX [UNITS | 


INPUT SUPPLY 


+VIN Supply Current _ All Amplifier Outputs = 6V ae 
+Vc Supply Current lour=0A 













UVLO Threshold Hysteresis | Bo es ee 

| InputBiasCurrent | 88 
| UVThresholds SS LowtoHigh, Otherinput=5V_ 1.48 
| UVThreshold Hysteresis | 8 
= mes 








Pwr OK VsaT 
Pwr OK Leakage VouT = 20V 
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UC3174B 
UC3175B 


ELECTRICAL Unless otherwise stated specifications apply for 0°C < TA s 70°C, +VIN = 12V, +Vc = +ViN, 
CHARACTERISTICS (cont.) A+/REF INPUT = 6V. Ta=Ty. 


[| PARAMETER | TESTCONDITIONS | MIN | TYP _| MAX [UNITS 











POWER AMPLIFIERS A and B 
Input Offset Voltage Vem=6V,AAmplfier Em 
BAmplifie, tt om 
ee ze 
|_InputBiasCurrent VM =6V, exceptAH/REF Input | 500 | -150 | | nA 
| Input Offset Current _|VeM = 6V, B Amplifier Only | | | 200 | nA 
(A+/Ref-C/S+)/36k, Ts = 25°C, UC3174B Only | 20 | 28 | 35 | pAV | 
|(At/Ret-C/S+)/12k, Ty = 25°C, UC3175B Only | 60 | 84 | 105 | wAN | 
meee a ee 
m=s00mA 8 mal 
POMRRO dV sVeMstov | 8 | 
| PSARO VIN = 4V to 15V, Vom = 1.5V / 70 | 9 | | 0B | 
Large Signal Voltage Gain VouT = 1V, Sinking 500mA to Vout = 11V, Lae] — 
Sourcing 500mA 15.0 VimV 
| SlewRate | t0 18, 13t01V,Ty=25°C tt | is 
Unity Gain Bandwidth Note 1,AAmplifier | Me 
Note1,BAmpliier Tt | Mz 
| High-SideCurrentlimit | ot | 
Output Saturation Voltage High-Side, IsoURCE = 250mA f  —Crf om | UP UV 
High-Side, source =800mA_ | 85 | OV 
Low-Side, IsINK = 250mA ae a oe 
Low-Side, IsinK = 800mA an: 2 aS 
Total, our=250mA_ | | | 
Tota lour=800mA | 8 | | OV 
| High Side Diode VF I= 800A, Inhibit Activated el 
| LowSideDiodeVr ID = 800MA, InhibitActivated | | to || 
CURRENT SENSE AMPLIFIER 
Input Offset Voltage Vom = 6V 


Input Offset Change with Ref Input ’ 


N 
PIS 
> |= 
+ 
(o) 
% |< 
alc 
(om) 
< 18) 
aS 
@ | 
xIS 
om 
O 
pam | 
= 


-) 
re) <e) 


= 
< 
<= 


Input Offset Change with Common Mode  |0V s Vem s 12V, UC3175B Only 
Input uV/V 
Input Offset Drift Note 1 


ae 
<|< 


8 


Voltage Gain , 5V, = OV, y 
g : ’ = ’ y 
Output Saturation Voltage -Side, = 1. 
High-Side, IsouRCE = 1.5mA 


Maximum A+/Ref Input Volts Below +ViN, C/S+ & C/S- = BouTPuT Max @ 


5 j= 1° 
= lola 
bi<|< 
= iA JIA 
Qa 
oi<i< 
Io 19 
go ynmyen 
s> jim71 ¢7 
= lw lw 
+ |+ 
a jm |O 
o;}oO 
g/<|< 
bl<i< 
a2 j;0 
=|3 
{ 
oO 
<|2 
Clic 
@ 19 
SIS 
oOo 
Oli 
3 |9 
cS 
< 
O 


10mA Output Current, +ViIN = 4.5V, UC3175B 





only, C/S VIO < 5mV 
PARKING FUNCTION 


Park Input Threshold ee ernenS (i) 
Park Input Current Park Input = 1.7V 





. 


Park Drive Saturation Voltage, PDVSAT ISINK = 100mA 
Parking Drive Leakage VouT = 20V 
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UC3174B 
UC3175B 


ELECTRICAL Unless otherwise stated specifications apply for 0°C <= Ta s 70°C, +VIN = 12V, +Vc = +VIN, 
CHARACTERISTICS (cont.) —A+/REF Input = 6V. Ta=Ty. : 
PARAMETER TEST CONDITIONS 
PARKING FUNCTION (cont.) __ | 
Amplifier A Aux Input Bias Current 
Amplifier A Saturation Voltage, AHVSAT 
Regulating Voltage at Park Volts 
Minimum Parking Supply Voltage 
AUXILIARY FUNCTIONS 


Limit Input Low Voltage A Output Forced Low 
Limit Input High Voltage A Output Forced High 
Limit Inactive 









ISOURCE = 50mA, +VIN = 3V 


p 
N 
_ =k 
a 
= o 
ol 
a) 


AHVSAT + PDVSAT s 1.3V @ 50mA 


Limit Input Resistance 


Inhibit Input Threshold 
Inhibit Input Current Inhibit Input = 1.7V 


Supply Current when Inhibited The sum of +Vin and +Vc currents 


Thermal Shutdown Temperature 


Note 1: This specification not tested in production. 

Note 2: This specification is a measure of the accuracy of the differential current sense scheme using the Current Sense pins of the 
UC3174B. The error current specified is defined as Icsa - IcsB - IL, where ICSA and IcsB are respectively the currents out of the A 
and B current sense pins, with load current, IL, flowing out of the B and into the A amplifier outputs. Similarly, the error current is 
measured as IcsB - ICsA - IL, with IL flowing from A into B. 


1.2V <= Limit Input < 1.8V 


Limit Open Circuit Voltage 






© © 
ol 
Nf a 
8 IN 


UC3174B Ground-Referenced Current Sensing 





Current 
Sense 
Amplifier 


UC3174B uDG.22057 


For maximum voltage swing, Pin 23 should see +ViN/2. If VREF at Pin 8 is at this level, then the divider is not neces- 
sary and Pin 23 can also be connected to the VREF input. 


I Rib 


Go= V5" Ria 8» Rs 
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UC3175B Series Current Sensing 





12V 
Supply 


Current 
Sense 
Amplifier 


Go-/t .__ ib 
S Rfae2¢Rs 


Parking Function 





6 Aux 
l inputs 

| Act Aux Disable | 
| 1.5V 

| 


Park 


CMD —126 


| 
Inhibit as 
All Amplifiers 
mo [2] Disabled 
12V | 
Supply | 


Notes: Parking voltage = 1.5V* (R1 + R2)/R2- (it* RP) 
FP is optional for current limiting. 
Inhibit and Park Inputs are active high. 
Pwr OK is low on power failure. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 ¢ FAX (603) 424-3460 
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LI} INTEGRATED UC3176 
gee UNITRODE UC3177 


Full Bridge Power Amplifier 


FEATURES | | DESCRIPTION | 


¢ Dual Power Operational Amplifiers © The UC3176/7 family of full bridge power amplifiers is rated for a continu- 
| ous output current of 2A. Intended for use in demanding servo applications 
such as disk head positioning, the onboard current sense amplifier can be 
e Precision Current Sense Amplifier used to obtain precision control of load current, or where voltage mode 
drive is required, a standard voltage feedback scheme can be used. Out- 
put stage protection includes foldback current limiting and thermal shut- 
e Parking Function and Under-Voltage down, resulting in a very rugged device. 


Lockout | Auxiliary functions on this device include a dual input under-voltage com- 
¢ Safe Operating Area Protection parator that can be programmed to respond to low voltage conditions on 
two independent supplies. In response to an under-voltage condition the 
power Op-Amps are inhibited and a high current, 100mA, open collector 
drive output is activated. A separate Park/Inhibit command input. 


e +2A Output Current Guaranteed 


¢ Two Supply Monitoring Inputs: 


¢ 3V to 35V Operation 


The devices are operational over a 3V to 35V supply range. Internal un- 
der-voitage lockout provides predictable power-up and power-down char- 
acteristics. The parts are packaged in the 15 pin Multiwatt package with a 
maximum 6uc of 3°C/Watt. For lower power applications a surface mount 
28 pin PLCC package is available. Consult packaging section of databook 
for package details. 


BLOCK DIAGRAM 


A Output B Output 


B- Input 


A- Input : 
"A" Inhibits "B" Inhibits 

A+ Input/ j : B+ Input 

Ref Input ; nigh pistes (UC3176 Only) 


AISINK 


Current 
Feedback 


x8 Current Sense 
; Amplifier 


Park/Inhibit 
ULVO | 1.5V REF 


+ Under-Voltage FF 


Comparator 


Supply OK +VIN Gnd 
(UC3177 Only) 
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UC3176 


UC3177 
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Input Supply voltage, (+VIN).......... 0... e ee eee 40V 
Park/nhibit, UV1 and UV2 inputs (zener clamped) PLCC-28 (Top View) 
Maximum forced voltage ................ -0.3V to 10V QP Package | SFUNCTION.—s|_-~PIN 
Maximum forced current .............-2.008- +10mA 
Other Input Voltages .................4.. -0.3V to +VIN 
AISINK and BISINK Voltages.................. -0.3V to 6V 
Open Collector Output Voltages .................4.. 40V | 4 
A and B Output Currents (Continuous) 
Source .......... ere ee ee eee Internally Limited LB 
Sih tate nah itict ake eas Pave encadenn oe 2.5A he BOE 
Total Supply Current (Continuous) .................. 4A | 10 | 
Parking Drive Output Current (Continuous). ....... 200mA zim 
Supply OK Output Current, UC3177 (Continuous) ... 30mA 12-18 | 
Operating Junction Temperature......... -55°C to +150°C | 19 | 
Power Dissipation at TC = +75°C | 20 | 
OP DaCkKade. i cnn c26i8 See eens neoatee uke ee 4W | 21 | 
Storage Temperature.................. -65°C to +150°C | 22 | 
Note 1: Unless otherwise indicated, voltages are reference to | 23 


ground and currents are positive into, negative out of, the 
specified terminals. 


THERMAL DATA 

QP package: os 

Thermal Resistance Junction to Leads, @Uc....... 15°C/W *Pin 9: rpc ms skopey 
Thermal Resistance Junction to Ambient, 6yc ..... 50°C/W puppy 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, specifications hold for Ta = 0 to 70°C, +VIN = 12V, Ta = Ty. 


PARAMETER [| TesTconpmions | MIN. | TYP. | MAX. UNITS | 


input Supply 


Power, Amplifier, A and B 


Input Offset Voltage Vem = 6V, VouT = 6V 
Input Bias Current Vem = 6V, Except A+ Input 
Input Bias Current at A+/Reference Input | (A+/Ref - BISINK)/S6kohms; Tu = 25°C 


Input Offset Current B Amp (UC3176 Only) | Vcm = 6V 
CMRR Vem = 1 to 38V, +VIN =35V, VouT = 6V 
+VIN = 5 to 35V, Vom = 2.5V 


VOUT = 3V, w/iouT = 1A to VouT = SV, w/iouT = -1A 
+VIN = 20V, Pd = 20W at opposite output 
Saturation Voltage louT = -2A, High Side, Ty = 25° 










> 


m 






PlePE PP] EP 






SiN 








1.6 
1 


T 
| UnityGainBandwith | 
| SlewRate 
Differential lout Sense Error Current 
in Bridge Configuration 


=VIN - VouT < 12V 





o 
Ss 
3 
< 






-2.7 





= 
313 < < 
>a} |g lel |<|<(8 


High Side Current Limiting 
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UC3176 
UC3177 


ELECTRICAL CHAR ACTERISTICS: Unless otherwise stated, specifications hold for TA = 0 to 70°C, +VIN = 12V, TA= Ty, 


[PARAMETER | TESTCONDITIONS | MIN. | TYP. | MAX. [UNITS 


Current Sense Amplifier _— 7 
Input Offset Voltage 7 















< 
9 
= 
° 
< 


Ref = 2V to 20V, +VIN = 35, change with Ref 
input voltage . 


+VIN = 20V, Ref = 10V Pd = 20W @ AorB 





> 
+ 
DD 
Q 
x 
oD 
< 


<| = i | 


Thermal Gradient Sensitivity 





> 
o 


~ 
ro) 


> 


| PSAR Ref = 2.5, +ViN = 5 to 35V 
| Gain AIS INK - BISINK/ = 0.5 
| Max OutputCurrent 


Max Output Current SOURCE = +VIN - VOUT = 0.5V 


Output Saturation Voltage SOURCE = 1.5mA, High Side 
SINK = 5mA, Low Side 


Under-Voltage Comparator 
Threshold Voltage 


= Ni 


“N 






a= | awe oO 
= 
ne] 
Cc 
ome 





Low to High, other input at 5V 
Threshold Hysteresis 

nput = 2V, other input at 5V_- 
OUT =5mA_. 

VoUuT = 35V 


~ 
oO 


Input Current 

Supply OK Vsat (UC3177 Only) 

Supply OK Leakage (UC3177 Only) 
Park/Inhibit 

Park/Inhibit Thi’d 

Park/Inhibit Input Current At threshold 

Parking Drive Saturation Voltage lout = 100mA 

Parking Drive Leakage | OuT = 35V 
Thermal Shutdown | 


Shutdown Temperature 





A) 


°o _ 
N N 


oh 
ses 
ody 





| 


eee ees ee Oe 








Output Saturation Voltage Maximum Source Current Crossover Current Error 
vs Current vs +VIN - VOUT Characteristic 


Configured for 
A nrconeue arcs 
Gain, ILOAD =1 Amp/Volt 
Vs 


\ C4 
a \ | 2 
{__. 


\ a owside vear| | 


Saturation Voltage - (V) 
Maximum Output Source Current 


1 NN 125°C 
po ULE NG eT TTT 
0 02040608 1 12141618 2 
Output Current - (A) | +Vin - Vout - (V) 
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APPLICATION AND OPERATION INFORMATION 


Compensation 
Need Is Dependent 
On Load 


ee 


Con RZ 


Signal 
inputO 
(VS) 


Signal . 
Reference ~ 


Parking Drive 


ULVO | 1.5V REF 


Park/Inhibit 
Control <E 
Under-Voltage 


Comparator 


Supply Supply 
1 2 


x8 Current Sense 
Amplifier 


RA2 RA1 


Input Supply 
(+VIN) 


WAVEFORMS FOR ABOVE APPLICATION DESIGN EQUATIONS 
te Rr (1 
ae Vp Transconductance (Go) = —> = Bry * c Fs| 
see ANU ONO AW cures -VP 
with: RSA = RsB and RF3 = RF4 
-VPe GO Vin-1.5 
Parking Current (IP) = Aes RL 


eS aa where: RL = load resistance 


Under-Voltage Thresholds, at Supplies 


Low to High Threshold, (VHL) = 1.5 (RA + RsB)/RB 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


UC3178 


Full Bridge Power Amplifier 


FEATURES 


Precision Current Control 
+450mA Load Current 
1.2V Typical Total Vsat at 
450mA 


Programmable Over-Current 
Control 


Range Control for 4:1 Gain 
Change 


Compensation Adjust Pin for 
Range Bandwidth Control 


Inhibit Input and UVLO 
3V to 15V Operation 


12mA Quiescent Supply 
Current 


BLOCK DIAGRAM 


CURRENT SENSE 
AMPLIFIER 


BIAS SUPPLY 
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DESCRIPTION 


The UC3178 full-bridge power amplifier, rated for continuous output current 
of 0.45 Amperes, is intended for use in demanding servo applications. This 
device includes a precision current sense amplifier that senses load current 
with a single resistor in series with the load. The UC3178 is optimized to con- 
sume a minimum of supply current, and is designed to operate in both 5V 
and 12V systems. The power output stages have a low saturation voltage 
and are protected with current limiting and thermal shutdown. When inhibited, 
the device will draw less than 1.5mA of total supply current. 


Auxiliary functions on this device include a load current sensing and rectifica- 
tion function that can be configured with the device's over-current comparator 
to provide tight control on the maximum commanded load current. The closed 
loop transconductance of the configured power amplifier can be switched be- 
tween a high and low range with a single logic input. The 4:1 change in gain 
can be used to extend the dynamic range of the servo loop. Bandwidth vari- 
ations that would otherwise result with the gain change can be controlled with 
a compensation adjust pin. 


This device is packaged a power PLCC, "QP" package which maintains a 
standard 28-pin outline, but with 7 pins along one edge directly tied to the die 
substrate for improved thermal performance. 


|Z BIAS OFF XX | 
LOW-SIDE = 
DISABL 


SENSE BUFFER 
i IDF = 
IDIF REF 


LOAD CURRENT 
SENSE AND 
RECTIFICATION 


26}IDIF OUT 


13{0/C SENSE 


UDG-92010 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage, (VIN(+), Vc(+))..........0.0- 02 20V 
O/C Sense, Logic Inputs, and REF Input 

Maximum forced voltage................. -0.3V to 10V 

Maximum forced current ...............20 eee +10mA 
A&B Amplifier Inputs ............. -0.3V to (VIN(+) + 1.0V) 
O/C Indicate Open Collector Output Voltage............ 20V 
A and B Output Currents(continuous) 

DOMMES secs ois % Eh eet asian ae ae oes Internally Limited 

SING wat eal on, x pwn nates eae hatha mae oun 0.6A 
Output Diode Current (pulsed)*................-.00. 0.5A 
O/C Ind Output Current(continuous) ................ 20mA 
Operating Junction Temperature.................. +150°C 
Storage Temperature................... -65°C to +150°C 


*Notes: Unless otherwise indicated, voltages are referenced to 
ground and currents are positive into, negative out of, the speci- 
fied terminals, "Pulsed" is defined as a less than 10% duty cy- 
cle pulse with a maximum duration of 500us. 


THERMAL DATA 


QP package: (see packaging section of UICC data book for more 


details on thermal performance) 
Thermal Resistance Junction to Leads, 6jl ........ 15°C/W 
Thermal Resistance Junction to Ambient, 6ja ... 30-40°C/W 


Note: The above numbers for 6j! are maximums for the limiting 
thermal resistance of the package in a standard mounting con- 
figuration. The 8ja numbers are meant to be guidelines for the 
thermal performance of the device/pc-board system. All of the 
above numbers assume no ambient airflow. 


UC3178 


CONNECTION DIAGRAM 


PLCC - 28 (Top View) 
QP Package 





PACKAGE PIN FUNCTION 


| Inhibit 


Vce(+) Suppl 


| PwrGnd__| 
| PwrGnd | 
| BOutput _| 
| Bin(-) 
2 

REF Input 

IDIF Out 

IDIF REF 


7 
17 
2 


N 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated specifications hold for Ta = 0°C to 70°C, Vc(+) = VIN(+) = 
12V, REF Input = ViNn(+)/2, O/C Input & Inhibit Input = OV. 





Input Supply 






Total Supply Current 





Over-Current (O/C) Comparator 
Input Bias Current 
Thresholds 
Threshold Hysterisis 
O/C IND Vsat 
O/C IND Leakage 
Power Amplifiers A and B 
Input Offset Voltage. 


V input = 0.8V 
ow to high 


Vout = 20V 


Input Bias Current Vem = 6V 


CMRR 





Large Signal Voltage Gain 





OUT = 5mA, V input low 


A Amplifier, Vcm = 6V 
B Amplifier, Vcm = 6V 


ad NIN 
oO oat) 


Vcm = 0.5 to 13V, Supplies = 15V 

PSRR VIN(+) = 4 to 15V, Vom = 1.5V 

Supplies = 12V, VouT = 1V, louT = 300mA 
to VouT = 10.5V, louT = -300mA 
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O]}4, 
Glo 
wh, 
oO 


| PARAMETER =| CTESTCONDITIONS | MIN | TYP | MAX JUNITS: 
finputSupply 


| Vin (+)Supply Current | tt ma | 
| Ve(+) Supply Current flour =OA 8 | 2.0 | ma | 
Supplies =6Vlour=OA 
Supplies=12V,lout=OA 
| Vin(+) UVLO Threshold lowtohigh 
| UVLO Threshold Hysterisis | 





< 





_ oO _ 
Nh :S ro) 
fo) oa a) 











UC3178 


ELECTRICAL ___-Unless otherwise stated specifications hold for TA = 0°C to 70°C , Vc(+) = VIN(+) = 12V, 
CHARACTERISTICS (cont.): REF Input = Vin(+)/2, O/C Input & Inhibit Input = OV. : | 7 


TEST CONDITIONS [win [ ve [wax [unrrs| 


Power Amplifiers A & B (cont.) 
Gain Bandwith Product 


FL LEE 





Slew Rate 
High-Side Current Limit 3 
Output Saturation Voltage 


wl> 
> | > 
33 
3 |S 
=a} Sh 
2 |9 
‘l[</zZlz 


High-Side, lout = -100mA 
High-Side, lout = -300mA 
High-Side, lout = -450mA 
Low-Side, louT = 100mA 
Low-Side, louT = 300mA 
Low-Side, louT = 450mA . 
Total Vsat, louT = 100mA 

Total Vsat, louT = 300mA 

Total Vsat, lout = 450mA 












High-Side Diode, Vf 
Current Sense Amplifier 


oS 
aA 
a 
oe) 
3 
> 










| | 2.0 | mv | 
| | 40 | mv 

Vcm = -1V to 13V, Supplies = 12V, Low Range Mode : az 2000 | wV/V 
with Common Mode Input | Vem = -1V to 13V, Supplies = 12V, High Range Mode | | 4000 | wviV | 
Voltage Gain 0.485 | 0.50 | 0.515 | VV | 
VbDIFF = +1.0 to -1.0V, Vem = 6V, Low Range Mode | 20 | 205 | vn | 

Saturation Voltage 
0.1 

|__Input Bias Current at Ref. Input___| (REF Input - C/S(+))/48kohms, Tj = 25°C 


Load Current Sense and Rectification 
Sense Buffer Offset Voltage REF Input to IDIF REF, lout = +1mA 
Sense Buffer CMRR lout = +1mA, REF Input = 2V to 10V 
IDIF REF to IDIF Out Current IDIF = + 100,A, IDIF Out = 1V 
Ratio IDIF = +1mA, IDIF Out = 1V | 
IDIF Out Supply Sensitivity IDIF Out = + 1mA, VIN(+) = 4V to 15V,REF Input = 2V 
IDIF Out Common Mode Sensitivity lout = +1mA, REF Input = 2V to10V, IDIF Out = 1V 
(delta IDIF Out/delta REF Input) 
Auxiliary Functions 
Inhibit Input Threshold 
Inhibit Input Current 
O/C Force Input Threshold 
O/C Force Input Current 
Range Input Threshold 
Range Input Current Range Input = 1.7V 
COMP ADJ Pin Saturation Range Input = OV, Pin Current = +500pA, Referenced 
Voltage to AOUT 
COMP ADJ Leakage Current Range Input = 1.7V, Supplies = 12V 
AOUT-VComp Adj = +6V 
Vin(+) and Vc(+) currents 


oO 
ol 
= 
> 3 


nhibit Input = 1.7V 


O/C Force Input =1.7V 


=—h 
ak 
wh fo [oe —_ 
NIS IN N 


-—s 

(o) 
co) 
ar 


Total Supply Current When Inhibited 
Thermal Shutdown Temperature _ 


—_ 
o 
oO 


2 
ror) 
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PIN DESCRIPTIONS: 

A & B OUT: Outputs for the A & B power amplifiers, 
providing differential drive to the load during normal op- 
eration. During a UVLO, Inhibit, or O/C condition both of 
these outputs will be in a high, source only state. High- 
side diodes are included to catch inductive load currents 
flowing into these pins, inductive kicks on the low-side are 
caught by the high-side output transistors. 


Ain(+): Non-inverting input to the A amplifier. Normally tied 
to the REF Input when the current sense amplifier is used. 


AIN(-): Inverting input to the A amplifier. Used as the sum- 
ming node to close the loop on the overall power 
amplifier. 


BIN(+): Non-inverting input to the B amplifier. This pin nor- 
mally sets the reference point for the differential voltage 
swing at the load. 


BiN(-): Inverting input to the B amplifier. Used to program 
the gain of the B amplifier. 


COMP ADJ: The compensation adjust pin allows the user 
to provide an auxiliary compensation network for the A am- 
plifier that is only active when the current sense amplifier is 
in the low range. With this option, the user can control the 
change in bandwidth that would otherwise result from the 
gain change in the feedback loop. 


C/S(+): The non-inverting input to the current sense ampli- 
fier is typically tied to the load side of the series current 
sense resistor. This pin can be pulled below ground during 
an abrupt load current change with an inductive load. 
Proper operation of the current sense amplifier will result if 
this pin does not go below ground by an amount greater 
than: 
(REF Input / 2 ) - 0.3V. 


C/S(-): The inverting input to the current sense amplifier is 
typically tied to the connection between the B amplifier 
output and the current sense resistor that is in series with 
the load. 


C/S Output: The output of the current sense amplifier has 


a 1.5mA current source pull-up and an active NPN pull- 


down. The output will pull to within 0.3V of either rail with 
a load current of less than 1mA. 


GND: Reference point for the internal reference, O/C 
comparator, and other low-level circuitry. 


IDIF OUT: Current source output pin. The value of the out- 
put current is nominally equal to the magnitude of the 
current through the IDIF REF pin. 


UC3178 


IDIF REF: Output of the IDIF sense buffer. Voltage on this 
pin will track the applied voltage on the REF Input pin. 
Current through this pin is full wave rectified and appears 
as a Current sourced from the IDIF OUT pin. 


Inhibit : A high impedance logic input that disables the A 
and B power amplifiers, the IDIF sense buffer, and the 
Current Sense amplifier. This input has an internal pull-up 
that will inhibit the device if the input is left open. 


O/C Force: Logic input that forces the O/C condition. 


O/C IND: Open collector ouput that indicates, with an ac- 
tive low state, an O/C condition. 


O/C Sense: Input to the Over Current Comparator. When 
this input is above its 1V threshold the low-side devices of 
both the A & B power amplifiers will be disabled forcing a 
high, source only, state at both outputs. 


PWR GND: Current return for all high level circuitry, this 
pin should be connected to the same potential as GND. 


Range: When this pin is open or at a logic low potential, 
the current sense amplifier will be in its low range mode. 
In this mode the voltage gain of the amplifier will be 2. If 
this pin is brought to a logic high, the gain of the current 
sense amplifier will change into its high range value of 
0.5. This factor of four change in gain will vary the overall 
transconductance of the power amplifier by the same ra- 
tio, with the transconductance being the highest in the 
high mode. This feature allows improved dynamic range 
of load current control for a given control input range and 
resolution. 


REF Input: Sets the Reference level at the C/S Output, 
and is normally tied to the system reference level for in- 
puts to the power amplifier. 


ViN(+): Provides bias supply to the device. The High-Side 
drive to the power stages on both the A and B amplifiers 
is referenced to this pin. The High-side saturation volt- 
ages, and UVLO are specified and measured with respect 
to this supply pin. 


Vc(+): This supply pin is the high current supply to the 
collectors of the high-side NPN output devices on the A 
and B amplifiers. This supply should be powered when- 
ever the Aor B amplifiers are to be activated. This pin can 
operate approximately 400mV below the VIN(+) supply 
without affecting the voltage available to the load. 
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TYPICAL APPLICATION 


CONTROL AR 


INPUT 
REFERENCE — E 
INPUT 


A 
RB 


LOAD CURRENT 
SENSE AND 
RECTIFICATION 


O/C FORCE 


INHIBIT IN 


12V SUPPLY BIAS SUPPLY 


UDG-APS176-2 
UDG-92008 





Power amplifier transconductance | where: 
Go = il RB, 1 Il is the load current 
~ Vs RA AVcs* RS Vs is the input command voltage 


AVcs is the current sense amplifier gain 
= 2.0 in low range mode 
= 0.5 in high range mode 
Vorc is the 1.0V over-current comparator threshold 


Peak commanded load current 
RD 


Ting Ase feo ee 
MAX Wole” "RS AVos* RE 
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ciRncuirs UC3622 


mee UNITRODE 


Switchmode Driver for 3-O Brushless DC Motors 


FEATURES DESCRIPTION 
e 2A Continuous, 3A Peak Output The UC3622 is a brushless DC motor drive capable of decoding and 
Current driving all 3 windings of a 3-phase brushless DC motor. In addition, an 
* 8V to 40V Operation on-board oscillator and latched PWM comparator provide the necessary 
Circuitry for implementing a fixed-frequency, pulse width modulated 
¢ Fixed-Frequency 4 Quadrant PWM for — servo amplifier. Full protection, including thermal shutdown, pulse-by- 
Servo Applications pulse current limiting, and under-voltage lockout aid in the-simple imple- 
* TTL Compatible Hall Inputs mentation of reliable designs. Both conducted and radiated EMI have 
been reduced by limiting the output dv/dt to 150us for any load condi- 
e Pulse-by-Pulse Current Limiting tion. 


e Internal Thermal Shutdown Protection ©The UC3622 will decode and drive all 3-phase motors with hall decode 
schemes compatible with Table 1. All other schemes can be decoded 


pCO Olage SOGKOut with the addition of a single external inverter. Consult factory for avail- 


¢ 15 Lead, 25W Multiwatt Package ability of military versions. 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage, V6Co 0 cee sesbaes bet eee Cee eset te ww See eee Rennes 40V 
Output Current, Source or Sink 
Non-Repetitive (t= 100usec), lo... 6. cee nee 3A 
Repetitive (80% on - 20% off; toN=10mS).......... 0... 00 c cee eens 2.5A 
DG OnGlAONs ates ec hata hind ovwh aeteon Saabs Nerke haa eee see setts 2A 
Arialog INDUS 505 bets fete ede itera ewe Yee ee se eaes -0.3 to +Vcc 
LOGIC INDUS sitio ange Slat wena eee ene Cue aaeew eee ean -0.3 to +Vcc 
Total Power Dissipation (at TCASE = 75°C) .. 0.0... . ce ee eee 25W 
Storage and Junction Temperature..................005. -40°C to +150°C 


Note 1: All voltages are with respect to ground, pin 8. Currents are positive into, 
negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations and 
considerations of package. 





BLOCK DIAGRAM 


U.V. LOCK 
THERM. S.D. 


GND INHIBIT LOCK DIR HAHB HC EMITTERS 
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UC3622 


CONNECTION DIAGRAM 


(TOP VIEW) 
V, VH PACKAGE 


13|——>__:* DIRECTION 
c 


H 


Tab connected to Pin 8 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vcc 
(PINS) = 20V, RT = 47k, Ct = .015pF, Ta = Ty. 
PARAMETER TEST CONDITION | MIN. | TYP. | MAX. | UNIT 
PWM Comparator Section 













|_InputOftsetVoltage | tt | 
|_InputBiasCurrent | 







Input Bias Current eee See Oe 
i ie Fhe eee 


_ Internal Offset Voltage 


Oscillator Section | 


Initial Accuracy J = 25°C 


Temperature Stability ver Operating Range i 


Ramp Peak 
Ramp Valley 
Decoder Section 
High-Level Input Voltage 
Low-Level Input Voltage 
High-Level Input Current 
Low-Level Input Current 
Output Section 


= 


dann 


Output Leakage Current Vcc = 40V 
VF, Schottky Diode 
Total Output Voltage Drop 
Output Rise Time 
Output Fall Time 
Under-Voltage Lockout 
Start-up Threshold 
Threshold Hysteresis 
Thermal Shutdown] 
Junction Temperature 
Total Standby Current . 


Supply Current ee ee 


Note 2: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
Note 3: The total voltage drop is defined as the sum of both top and bottom side driver. . 


> 
oh, 


lo = 2A, Note 3 
Ri = 44Q 
Ri = 44Q 


a 
ro) 
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TABLE 1 


UC3622 





H=HIGH OUTPUT L=LOWOUTPUT © = OPEN (TRISTATE) OUTPUT 


CIRCUIT DESCRIPTION 

The UC3622 is designed for implementation of a com- 
plete 3-phase brushless DC servo drive using a minimum 
number of external components. Below is a functional de- 
scription of each major circuit function. 


DECODER 

Table 1 shows the logic scheme employed to decode and 
drive each of three high current, totem pole, output 
stages. A forward/reverse signal, Pin 13, is used to pro- 
vide direction. At any time, one driver is sourcing, one 
driver is sinking, and the remaining driver is off or tri- 
stated. Pulse width modulation is accomplished by chop- 
ping all drivers during current control (fixed-frequency 
PWM), producing a four-quadrant, regenerative mode 
drive. Controlled output rise and fall times help reduce 
electrical switching noise while maintaining relatively 
small switching losses. 


HALL INPUTS 

The Hall input pins (#10, 11, 12) are not provided with in- 
ternal pull-up resistors. If these are required for the Hall 
devices, they must be added externally. 


CURRENT LIMIT 

Referring to Figure 1, emitter current is sensed across 
RuIMIT and fed back through a low pass filter to the cur- 
rent sense, Pin 4. This filter is required to eliminate false 
triggering of the monostable due to leading edge current 
spikes. Actual filter values, although somewhat depend- 
ent on external loads, will generally be in the 1k and 
1000pF range. An internal 0.3V reference voltage limits 
the motor current to 

0.3 


IMAX = -——_— 
RLIMIT 


TIMING 
An RC circuit at Pin 6 is used to set the PWM frequency, 
as shown in Figure 2. The frequency is determined by the 
formula: 


Vosc—- 2.43 
2.27RATrCr [Az] 


NOTE: RT should be chosen so that 


Vosc - 2.27 
2.27 Ar 


f = 


50uA < <1mA 

INHIBIT 

The INHIBIT input (Pin 9) must be low during normal op- 
eration. A high level at this pin forces all three outputs to 
the open state, and can be used to allow the motor to 
coast. 


LOCK 
A low level at LOCK (Pin 7), together with a low level at 
INHIBIT sets the following output condition: 


AOUT ..... HIGH 
Bout .... OPEN 
CouT.... LOW 


This can be used as part of a circuit intended to force the 
motor shaft to a desired parking position. 


PROTECTION FUNCTIONS 

Protective functions including under-voltage lockout, peak 
current limiting, and thermal shutdown, provide an ex- 
tremely rugged device capable of surviving under many 
types of fault conditions. Under-voltage lockout guaran- 
tees the outputs will be off or tri-stated until Vcc is suffi- 
cient for proper operation of the chip. Current limiting 
limits the peak current for a stalled or shorted motor, 
whereas thermal shutdown will tri-state the outputs if a 
temperature above 150°C is reached. 
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UC3622 


APPLICATION MATERIAL — 


U.V. LOCK 


THERM. S.D. 


. VCONTROL 
VCOMMAND © 


| HALL 
EMITTERS SENSORS 
FORWARD/ = PULL-UP 
REVERSE , | RESISTORS 





Figure 1. Open Loop Speed Control with Current Limiting 





Figure 2. PWM Oscillator Waveform 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


UC3623 


Low Noise Switchmode Driver for 3-@ Brushless DC Motors 


FEATURES 


1A Continuous, 2A Peak Output 
Current 


8V to 40V Operation 


Internal High Gain Amplifier for 
Velocity Control Applications 


TTL Compatible Hall Inputs 
Mask Programmable Decode Logic 
Pulse-by-Pulse Current Limiting 


Internal Thermal Shutdown 
Protection 


BLOCK DIAGRAM 


p 0.5 
ERROR CLAMP 
AMP 
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DESCRIPTION 


Designed specifically for noise-sensitive environments, the UC3623V mono- 
lithic driver IC offers the high efficiency of a chopper drive and the low EMI 
attainable with controlled output slew rates. 


The UC3623 is a brushless DC motor drive capable of decoding and driving 
all 3 windings of a 3-phase brushless DC motor. In addition, an on-board 
current comparator, oscillator, and high gain Op-Amp provide all necessary 
circuitry for implementing a high performance, chopped mode servo ampli- 
fier. Full protection, including thermal shutdown, pulse-by-pulse current lim- 
iting, and under-voltage lockout aid in the simple implementation of reliable 
designs. Both conducted and radiated EMI have been greatly reduced by 
limiting the output dv/dt to 150V/us for any load condition. 


The UC3623 offers standard 120 electrical degree. Hall decoding per Table 
1. Consult factory for availability of military versions. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


SUDDIY VOllAde, VCC fice ns ool ans Ba cares Ge tee Cae deren eG wae sad 40V 
Output Current, Source or Sink 
Non-Repetitive (t= 100usec), lo... 6. cece eee eee een ene 2A 
Repetitive (80% on - 20% off; TON=10ms) .......... 0... 2... eee ee eee 1.5A 
DC Operations. fo ccciwit cate eke el eeeaeesd tees eemn cee eure 1A 
PHnAOG INDUS: s4csiirconae eek oehtimterteodiae te wteoiwebeaews -0.3 to +Vcc 
LOGIC INPUNS .i5 eben o ee o ium es Be See ee twee MAAR ESS -0.3 to +Vcc 


Storage and Junction Temperature .......... 0.0.2... cee eee -40°C to +150 °C 
Note 1: All voltages are with respect to ground, pin 8. Currents © 
are positive into, negative out of the specified terminal. 


TIMING 


THERMAL 
SHUTDOWN 
UNDER- 


VOLTAGE 
LOCKOUT 


I SENSE FWD/ Ha Hse Hc _ EMITTERS 
REVERSE WALL INPUTS 
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UC3623 


CONNECTION DIAGRAM 
V-VH PACKAGE 


ISENSE 
COMPENSATION 
-E/A 

+E/A 
Vcc 


AOuT 
EMITTERS 







Tab connected to Pin 8 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vcc 
(PIN 3) = 20V, Rt = 10k, Ct = 2.2nF, TA= Ty. 


| PARAMETER | = TESTCONDITIONS | MIN | TYP | MAX | UNIT | 


Error Amplifier Section 















| inputOftsetVottage | —C—‘“Cs~sdSC dt Tt | 
| _InputBiasCurent | CT 85 | 20 | 
| _inputOftsetCurent | —C—‘“‘Cs~*dLSCS | 50 | nv 
| CommonModeRange Vcc =8Vto4ovV, | | eV 
| OpenLoopGain sd =1Vto4v = CST 8 | 100 || | 
| _UnityGainBandwidth [Tu = 25°C,Note2 | St 8 | 
| OutputSinkCurrent not CET ma 
| Output Source Current Vn sav | | ma 
Current Sense Section : 

| _ImputBiasCurent | Cid | 
|_intemalClamp | Cts | 8 | 5 | 
| DiiderGain Ts tz | 02 | 220 | VV 
| intemal OffsetVoltage = | s—“‘LS Bl tT | 


= 
3 
S 
© 
~ 
@ 
2 
° 
3 
| 


Output Off Time 

Upper Mono Threshold 

Lower Mono Threshold 
Decoder Section 

High-Level Input Voltage 

Low-Level Input Voltage 

High-Level Input Current 

Low-Level Input Current 
Output Section 

Output Leakage Current . 






dann 


Vcc = 40V 


| OutputLeakage Current fVoc=aove 00 | 
| Vr,SchotthyDiode fl TA | 
| Vr,SubstrateDiole fl tA | | 
| Total Output Voltage Drop l= 1A,NoteS | | 8 | 8 
| OutputRiseTime AT |g 
pt 70 | | ns 
Note 2: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in 


production. a 
Note 3: The total voltage drop is defined as the sum of both top and bottom side driver. 


6-108 


UC3623 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to 70°C; Vcc (PIN 3) 
= 20V, RT = 10k, CT = 2.2nF, TA= Ty. 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNIT 
Under-Voitage Lockout 


Start-Up Threshold 


eee eee ee DUE 
Threshold Hysteresis ears A) hs ae Ee 


Thermal Shutdown 


| _JunctionTemperature | CHO t0 | cc 
Total Standby Current 
Supply Current ee ee es 


TABLE 1 












T Q 


1V 4k 
+ - 


THERMAL 
sv Sik SHUTDOWN 


: 0. 
ERROR 
AMP. = CLAMP | ss} Comp [UNDER- 
= > VOLTAGE 
LOCKOUT 


| SENSE 
FWD/REVERSE REVERSE 


R SENSE 





3-@ Brushless DC Open Loop Motor Drive with Current Limit 
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.] INTEGRATED 
- |) CIRCUITS 


mee UNITRODE 


Low Saturation, Linear Brushless DC Motor Driver 


- FEATURES 


e Total Saturation Voltage of Less 
Than 1 Volt 


© Sink Current Capability of up to 
3 Amps 


* Quiescent Current Less Than 10mA 
¢ Single Supply 5 Volt Operation 
e Motor Voltage of 5 to 40 Volts 


e Full Decode for 3 Phase TTL Hall 
Sensors 


¢ 120 Electrical Degree Logic 


e Linear Closed-Loop Motor Current 
Control 


BLOCK DIAGRAM 
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UC3655 






(ees %, 
a 5 


DESCRIPTION 


The UC3655 DC motor driver achieves extremely efficient operation by 
using external PNP transistors selected for low saturation voltage as high 
side drivers. These are complemented with low side NPN drivers internal 
to the UC3655 which also have very low saturation losses. The PNP’s 
can be low power devices as they are always switched into saturation by 
the action of internal 100mA base drivers, while the on-chip NPN’s are 
driven linearly to control motor current. The result is a total source/sink 
saturation voltage drop of less than 1V at 1A load current. 


This controller offers further efficiency by using only a 5V supply with a 
current requirement proportional to motor current. The quiescent supply 
current with the outputs off is less than 10mA. 


In addition to the power output stages, the UC3655 contains 120 electrical 
degree hall logic decoding with forward, reverse, and inhibit functions se- 
lectable by a single pin. Also included in control amplifier to drive the sink 
output current linearly response to an input command voltage. Finally, full 
protection is offered with under-voltage lockout, current limiting, and ther- 
mal shutdown. The UC3655 is packaged in both a high-power 15-pin 
Multiwatt® plastic package and, for low power requirements, a 28-pin 
PLCC surface mount configuration. 


SOURCE OUT A 
SINK OUT A 


SOURCE OUT B 


SINK OUT B 


SOURCE OUT C 


SINK OUT C 


CURRENT SENSE 
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UC3655 


ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS 

Supply Voltage; VSence vec ies eo cei Gi eintastaine es 7V PLCC-28 

Output Voltage, Vc (Source and Sink)................. 40V (TOP VIEW) 

Sink Output Current oi sis See eek ees on dow EE NA 3A QP Package | __ FUNCTION | PIN | 

Source Drive Current ................005 Internally Limited 1-2 

Logic and Analog Inputs....................00. -0.3 to 7V | COMP. 3 

Total Power Dissipation (At TTAB = 75°C) | FWD/REV  ~=— | 4 
V Package... 2... cece ccc c eee e eee een seen ees 25W PHASE A | 5 | 
QP Packages si5. 0-645 Seen wlio: Beda s eden. 4.0W 15 o5i PHASE B 


Storage and Junction Temperature .......... -40°C to 150°C 

Note 1: All voltages are with respect to ground. Currents are 
positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal 
limitations and considerations of packages. 


UC3655V(H) 


| SOURCEOUTC | 8 
Bae 
| SINKOUTC | 10 _| 
ee 


GND (HEAT FLOW)| 12-18 | 


CURRENT SENSE 
SENSE 


dsl el 
FORCE 

SINK OUTA 

SOURCE OUT A 

N/C 

SINK OUT B 


SOURCE OUT B 
Vs, +5V 





SINK OUT C 
SOURCE OUT C 
SE C 


Vs, +5V 
SOURCE OUT B 
SINK OUT B 
SOURCE OUT A 
SINK OUT A 
CURRENT SENSE 





Tab connected to Pin 8 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to 70°C, 
Vs = 5.0 Volts and RsenseE = 0.2Q, TA = Ty. 


[paramere | conpimions | win | TP | max [units | 


Sink Driver Section 


Collector Leakage Vc = 40V 


Saturation Voltage Ic = 2A, Rs = 0 
Ic= 1A, Rs =0 
pole 


Source Driver Section 
Collector Leakage 
Saturation Voltage Ic =0.1A 
Current Limit 

Amplifier Section 

|_InputHigh Voltage (Sink Current=24 
| Control Amp Transconductance —lcomP=*50WA 
Decoder Section 

Phase Input 

Phase Input 


Low-level Input Current Phase Input 








ula 


< 
ce) 
i" 

§ 
< 


| 500 _ 
era 
0.5 | 
[2203 
|_| 100 | 
aes 29.1] 
| 175 | 300_ 
pee] 
| 5.5 
| 0.55 _ 
— 
ere 





Lao 
| 5.0 | 
Los. 
[soe] 


| 0.5 | 
| -100 | -150 


pA 












Pell 
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UC3655 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C, 
Vs = 5.0 Volts and RseENsE = 0.2Q, TA = Ty. sa 


PARAMETER [____conpmions | win | ve | max [unis 





















|_InputVoltagetoinhibit ss IFWOREVE | 82 | 
| Forward Commandinputv —[FWOREV, | | 
[Reverse Command inputV | FWD/REV Pe eae 


| ThresholdHysteresis | 
| SupplyCurrent [Outputs Inhibited = 
| SupplyCurrent Sink Current=2A 

| es 







Thermal Shutdown Junction Temperature 
Shutdown Hysteresis . Junction Temperature 


DECODE LOGIC TRUTH TABLE: 
Sink Output it Motor Term 


Inhibit 





(Note: X = Don’t Care; Inh = 2.5 +1V, H and L levels defined by applications; Motor Term O = High Impedance). 
TYPICAL MOTOR DRIVE APPLICATION ve 





+5 VOLTS | R2 is only used to reduce 
| UC3655 power dissipation 
a or limit source current to les. 

8. = than 100mA aa 


Ri | 
R2 D73F5T 
OR TIP 32 


CHA 


CH A CH B 
SOR DRIVE 
| 3 PHASE 
B.D.C. 
MOTOR 


CH A 
SINK DRIVE 


CURRENT FB | 
(All 3 Channels) CH C 


Note: Rs must be non-inductive and located as close as possible to the UC3655 to avoid parasitic oscillations. 
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Linear Transconductance Amplifier 


Source Drivers 


SOURCE DRIVE 
PINS 3,5,14 


CHANNEL 
SELECT 
LOGIC 


Phase Inputs 


1.5V REF 


HALL SENSORS 


PINS 11,12,13 
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UC3655 


16]/Vs = 5V 
>24 OHM 


SINK_OUTPUT 
| 


/\ PINS 
2,4,15 





UC3655 


Sink Output Vsat vs Current _ Control Transfer Characteristics 


Le Reese RPS 
AREER ReRRR ER EARER ae 


CoH eesti toe 
eRe Raee aoe see 
Es SSS eee ell 
COE eee 25 
BERNE ae. cease 

qe eee es 
(eo ceeRESRRERER Se ERRe 


0 02040608 1 #12 14 16 18 2 0.0 10 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
SINK OUTPUT CURRENT - A INPUT CONTROL VOLTAGE - V 


SATURATION VOLTAGE - V 
OUTPUT CURRENT - A 


Vs Supply Current vs Sink Current 


Ws Nes a Moses ea a ele dei s Sealed aed 
BARR aR eee ee 
ea a al ca 
SS aaa 


FERRE 
Pio ele or a een 7, 
Perry A 


FEA #128" 4-4 


ed OE We ae a a 
Peedi Mee tee yt deat | 
ees a (ee ee 
Ree eee ae 


ee 
eer ar 
| i 
py testes Ce 
r Se 
Aenea ee ea 
eee eee aa 
Peo oo a mae 
Se ol tS Gl 
Pe a a 6 GO 


0 0204 0608 1 #12 14 1618 2 40 60 80 100 120 140 160 180 
SINK OUTPUT CURRENT - A SOURCE DRIVER OUTPUT CURRENT - mA 





Vs SUPPLY CURRENT - mA 
SATURATION VOLTAGE - V 
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CIRCUITS UC3717A"* 
ae UNITRODE 
Stepper Motor Drive Circuit 


FEATURES DESCRIPTION 
Full-Step, Half-Step and Micro-Step The UC3717A is an improved version of the UC3717, used to switch 
Capability drive the current in one winding of a bipolar stepper motor. The 


UC3717A has been modified to supply higher winding current, more 


¢ Bipolar Output Current up to 1A 
si Bee P reliable thermal protection, and improved efficiency by providing inte- 


e Wide Range of Motor Supply Voltage grated bootstrap circuitry to lower recirculation saturation voltages. 
10-46V The diagram shown below presents the building blocks of the 

* Low Saturation Voltage with Integrated UC3717A. Included are an LS-TTL compatible logic input, a current 
Bootstrap sensor, a monostable, a thermal shutdown network, and an H-bridge 
output stage. The output stage features built-in fast recovery com- 

* Built-In Fast Recovery Commutating mutating diodes and integrated bootstrap pull up. Two UC3717As 
Diodes and a few external components form a complete control and drive 


¢ Current Levels Selected in Steps or Varied unit for LS-TTL or micro-processor controlled stepper motor systems. 
Continuously The UC3717A is characterized for operation over the temperature 
¢ Thermal Protection with Soft Intervention "ange of O°C to +70°C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 





Voltage 
LOGIC SUDPIV; VOC «6. ohana Pade wak a Caw ke ieee anges 7V 
Output Supply, Vm... 0. ee eee eee eeee 50V 

Input Voltage 
Logic Inputs (Pins 7, 8,9) ........ 0... cece eee tenes 6V_ Note 1: All voltages are with respect to ground, Pins 4, 
Analog Input (Pin 10)............. ccc cece cece eee eee Vec 5, 12, 13. Currents are positive into, negative out of the 
Reference Input (Pin 11) ............. ccc cece cece ee ee eee 15V Specified terminal. Pin numbers refer to DIL-16 pack- 

Input Current age. ee 
Logic Inputs (Pins 7, 8,9) ...... 0... 0... cc eee eee eee -10mA Consult Packaging Section of Databook for thermal limi- 
Analog Inputs (Pins 10,11) ......... 0... 0. cece eee ee eee -10mA__ [ations and considerations of package. 

Output Current (Pins 1,15)...... 0... 0. cece cee eee eee eee +1.2A 

Junction Temperature, Ty............. cee eens +150°C 

Storage Temperature Range, TS .................. -55°C to +150°C 

BLOCK DIAGRAM 


AOUT BOUT 3,14 VM 
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tOFF = 0.69 RTCT~™ 
Thermal 
Shutdown 


UC3717A 


Current Emitters 





*Consult Factory. 
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CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) PLCC-20 (TOP VIEW) ea ee ae 
J or N Package Q Package —_FuneTion 
| Vm 
| Gnd 


Gnd 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Figure 6. Vm = 36V, Vcc = 5V, VR = 5V, TA = 0°C to 70°C, 
unless otherwise stated, TA = Ty.) i 


TEST CONDITIONS |MIN | TYP _| MAX [UNITS | 
| Supply Voltage, Vm (Pins3,14) | to Tt | 
tee Supply Votape. Yoo fing) __/_—___1 am |__| 8 | 

Logic Supply Current, Icc (Pin 6) Hentteg te mA 
+160 |__| +180 


Logic Inputs 


—teput ow Votage (Pie 7.8.9) ft 8 
| | 2 | | voc | v 

__Misoav,pins7ango | 400 | 
| High Voltage input Current, (Pins7,8,9)  iz2av | tg 


Comparators . 


|__Comparator Low, Threshold Voltage (Pin 10) _|VR= 5V;lo=L;l1=H | 66 | so | 90 | mv_ 
Comparator Medium, Threshold Voltage (Pin 10) VA=5Vilo=H H=t —~—~—_ | 236 | 250 | 266 | mv | 
Comparator High, Threshold Voltage (Pin 10) 396 | 420 | 436 

| Comparator Input, Current (Pin1Q) | |_| #20 

|| 35 | ps | 

| 2 | ps 


— IND [| 
Nis j2|N 


| Source Diode-Transistor Pair __ 
Saturation Voltage, Vsat (Pins 1, 15) Im=-0.5A, Conduction Period 
(See Figure 5) m=-0.5A, —_ Recirculation Period 
Saturation Voltage, VsaT (Pins 1, 15) Im =-1A, Conduction Period 
(See Figure 5) __ m=-1A Recirculation Period 
Leakage Current Vm = 40V 
Diode Forward Voltage, VF = -0.5A 

. Im=-1A 


= 


ab. . 
N 
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ELECTRICAL (Refer to the test circuit, Figure 6. VM = 36V, Vcc = 5V, VR = 5V, TA = 0°C to 70°C, unless 
CHARACTERISTICS (cont.) therwise stated, Ta = Tu.) 


PARAMETERS | Testconpmions | MIN | TYP | MAX [UNITS| 


Sink Diode-Transistor Pair 


Saturation Voltage, Vsar (Pins 1, 15) 
Im =1A 


. ea 
| 16 | 23 | 
ee ——— pt 
Diode Forward Voltage, Vr Ed 15 | 
ee 













op Ta=25°C | 
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Figure 1: Typical Source Saturation Voltage vs Figure 2: Typical Source Saturation Voltage vs 
Output Current (Recirculation Period) Output Current (Conduction Period) 
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Output Current 
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Figure 5: Typical Waveforms with MA Regulating 
(phase = 0) 
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Figure 4: Typical Power Dissipation vs Output 
Current 
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Monostable 


tOFF = 0.69 RTCT Thermal 


: Shutdown 


UC3717A 





Figure 6: UC3717A Test Circuit 


FUNCTIONAL DESCRIPTION 


The UC3717A’s drive circuit shown in the block diagram 

includes the following components. 

(1) H-bridge output stage 

(2) Phase polarity logic 

(3) Voltage divider coupled with current sensing compa- 
rators 

(4) Two-bit D/A current level select 

(5) Monostable generating fixed off-time 

(6) Thermal protection 


OUTPUT STAGE 

The UC3717A's output stage consists of four Darlington 
power transistors and associated recirculating power di- 
odes in a full H-bridge configuration as shown in Figure 
7. Also presented, is the new added feature of inte- 
grated bootstrap pull up, which improves device per- 
formance during switched mode operation. While in 


switched mode, with a low level phase polarity input, Q2 


is on and Q3 is being switched. At the moment Q3 turns 
off, winding current begins to decay through the commu- 
tating diode pulling the collector of Q3 above the supply 
voltage. Meanwhile, Q6 turns on pulling the base of Q2 
higher than its previous value. The net effect lowers the 


saturation voltage of source transistor Q2 during recircu- 
lation, thus improving efficiency by reducing power dissi- 
pation. > 2 


+Vm 
(5) @ 


Winding 





Note: Dashed lines indicate current decay paths. 


Figure 7: Simplified Schematic of Output Stage 
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FUNCTIONAL DESCRIPTION (cont.) 


PHASE POLARITY INPUT 

The UC3717A phase polarity input controls current direc- 
tion in the motor winding. Built-in hysteresis insures im- 
munity to noise, something frequently present in 
switched drive environments. A low level phase polarity 
input enables Q2 and Q3 as shown in Figure 7. During 
phase reversal, the active transistors are both turned off 
while winding current delays through the commutating di- 
odes shown. As winding current decays to zero, the inac- 
tive transistors Q1 and Q4 turn on and charge the 
winding with current of the reverse direction. This delay 
insures noise immunity and freedom from power supply 
current spikes caused by overlapping drive signals. 


PHASEINPUT | @1,Q4 | @2,Q3_ 





CURRENT CONTROL 

The voltage divider, comparators, monostable, and two- 
bit D/A provide a means to sense winding peak current, 
select winding peak current, and disable the winding sink 
transistors. 


The UC3717A switched driver accomplishes current con- 
trol using an algorithm referred to as “fixed off-time." 
When a voltage is applied across the motor winding, the 
current through the winding increases exponentially. The 
current can be sensed across an external resistor as an 
analog voltage proportional to instantaneous current. 
This voltage is normally filtered with a simple Rc low- 
pass network to remove high frequency transients, and 
then compared to one of the three selectable thresholds. 
The two bit D/A input signal determines which one of the 
three thresholds is selected, corresponding to a desired 
winding peak current level. At the moment the sense volt- 
age rises above the selected threshold, the UC3717A's 
monostable is triggered and disables both output sink 
drivers for a fixed off-time. The winding current then cir- 
culates through the source transistor and appropriate di- 
ode. The reference terminal of the UC3717A provides a 
means of continuously adjusting the current threshold to 
allow microstepping. Table 1 presents the relationship 
between the two-bit D/A input signal and selectable cur- 
rent level. 


TABLE 1 





OVERLOAD PROTECTION 
The UC3717A is equipped with a new, more reliable ther- 
mal shutdown circuit which limits the junction tempera- 
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ture to a maximum of 180C by reducing the winding cur- 
rent. 


PERFORMANCE CONSIDERATIONS 

In order to achieve optimum performance from the 
UC3717A careful attention should be given to the follow- 
ing iterns. | 


External Components: The UC3717A requires a mini- 
mal number of external components to form a complete 
control and switch drive unit. However, proper selection 
of external components is necessary for optimum per- 
formance. The timing pin, (pin 2) is normally connected 
to an RC network which sets the off-time for the sink 
power transistor during switched mode. As shown in Fig- 
ure 8, prior to switched mode, the winding current in- 
creases exponentially to a peak value. Once peak 
current is attained the monosiable is triggered which 
turns off the lower sink drivers for a fixed off-time. During 
off-time winding current decays through the appropriate 
diode and source transistor. The moment off-time times 
out, the motor current again rises exponentially produc- 
ing the ripple waveform shown. The magnitude of wind- 
ing ripple is a direct function of off-time. For a given 
off-time ToFF, the values of RT and CT can be calculated 
from the expression: 

TorF = 0.69RTCT 
with the restriction that RT should be in the range of 10- 
100k. As shown in Figure 5, the switch frequency Fs is a 
function of TOFF and TON. Since TON is a function of the 
reference voltage, sense resistor, motor supply, and 
winding electrical characteristics, it generally varies dur- 
ing different modes of operation. Thus, Fs may be ap- 
proximated nominally as: 

Fs = 45 (Torr). 

Normally, Switch Frequency Is Selected Greater than 
20kHz to prevent audible noise, and lower than 100kHz 
to limit power consumed during the switching cycle. 





Figure 8: A typical winding current waveform. Winding 
current rises exponentially to a selected peak value. 
The peak value is limited by switched mode operation 
producing a ripple in winding current. A phase polarity 
reversal command is given and winding current decays 
to zero, then increases exponentially. 





FUNCTIONAL DESCRIPTION (cont.) 


Low-pass filter components Re Cc should be selected so 
that all switching transients from the power transistors 
and commutating diodes are well smoothed, but the pri- 
mary signal, which can be in. the range of 1/TOFF or 
higher must be passed. Figure 5A shows the waveform 
which must be smoothed, Figure 5B presents the desired 
waveform that just smoothes out overshoot without radi- 
cal distortion. | a ~— 
The sense resistor should be chosen as small as practi- 
Cal to allow as much of the winding supply voltage to be 
used as overdrive to the motor winding. Vrs, the voltage 
across the sense resistor, should not exceed 1.5V. 


Voltage Overdrive: In many applications, maximum 
speed or step rate is a desirable performance charac- 
teristic. Maximum step rate is a direct function of the time 
necessary to reverse winding current with each step. In 
response to a constant motor supply voitage, the winding 
current changes exponentially with time, whose shape is 
determined by the winding time constant and expressed 
as: | 
Vm 

~ R[1-EXP (-RY)] 

as presented in Figure 9. With rated voltage applied, the 
time required to reach rated current is excessive when 
compared with the time required with over-voltage ap- 
plied, even though the time constant L/R remains con- 
stant. With over-voltage however, the final value of 
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Current is excessive and must be prevented. This is ac- 
complished with switch drive by repetitively switching the 
sink drivers on and off, so as to maintain an average 
value of current equal to the rated value. This results in a 
small amount of ripple in the controlled current, but the 
increase in step rate and performance may be consider- 
able. — | 


Interference: Electrical noise generated by the chopping 
action can cause interference problems, particularly in 
the vicinity of magnetic storage media. With this in mind, 
printed circuit layouts, wire runs and decoupling must be 
considered. 0.01 to 0.14F ceramic capacitors for high fre- 
quency bypass located near the drive package across 
V+ and. ground might be very helpful. The connection 
and ground leads of the current sensing components 
should be kept as short as possible. 


Half-Stepping: In half step sequence the power input to 
the motor alternates between one or two phases being 
energized. In a two phase motor the electrical phase shift 
between the windings is 90°. The torque developed is the 
vector sum of the two windings energized. Therefore 
when only one winding is energized the torque of the mo- 
tor is reduced by approximately 30%. This causes a 
torque ripple and if it is necessary to compensate for this, 
the VR input can be used to boost the current of the sin- 
gle energized winding. 


With Over-Voltage Applied, 
the Phase Current Would 
Become Excessive. 


Safe Value Maintained 


a by Switching Circult. 


Slower Rise with 
Rated Voltage Applied 


o- L/R 





2L/R 


Figure 9: With rated voltage applied, winding current does not exceed rated value, but takes L/R seconds to reach 63% of 


3L/R 4L/R 


TIME 





its final value — probably too long. Increased performance requires an increase in applied voltage, of overdrive, and 
therefore a means to limit current. The UC3717A motor driver performs this task efficiently. 
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MOUNTING INSTRUCTIONS 

The RTHJ-AMB of the UC3717A can be reduced by solder- 
ing the GND pins to a suitable copper area of the printed 
circuit board or to an external heat sink. 

The diagram of Figure 11 shows the maximum package 
power PTOT and the JA as a function of the side " {" of 
two equal Square copper areas having a thickness of 35u 
(see Figure 10). 


COPPER AREA 35) THICKNESS 


P.C. BOARD 


Figure 10: Example of P.C. Board Copper Area which is 
used as Heatsink. 


During soldering the pins’ temperature must not exceed 
260°C and the soldering time must not be longer than 12 
seconds. 

The printed circuit copper area must be connected to 
electrical ground. 


NEE 
3 Sa: 60 
= 


PtoT- (W) 
QJA - (°C/W) 


20 30 
Side? - mm 


Figure 11: Maximum Package Power and Junction to Am- 
bient Thermal Resistance vs Side "t". 


APPLICATIONS 

A typical chopper drive for a two phase bipolar perma- 
nent magnet or hybrid stepping motor is shown in Figure 
12. The input can be controlled by a microprocessor, 
TTL, LS, or CMOS logic. 


The timing diagram in Figure 13 shows the required sig- 
nal input for a two phase, full step stepping sequence. 
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Figure 14 shows the required input signal for a one 
phase-two phase stepping sequence called half-step- 
ping. 

The circuit of Figure 15 provides the signal shown in Fig- 
ure 13, and in conjunction with the circuit shown in Fig- 
ure 12 will implement a pulse-to-step two phase, full 
step, bi-directional motor drive. 


Steppin 
Meh pping 





Figure 12: Typical Chopper Drive for a Two Phase Per- 
manent Magnet Motor. 


The schematic of Figure 16 shows a pulse to half step 
Circuit generating the signal shown in Figure 14. Care 
has been taken to change the phase signal the same 
time the current inhibit is applied. This will allow the cur- 
rent to decay faster and therefore enhance the motor 
performance at high step rates. 


ORDERING INFORMATION 

UNITRODE TYPE NUMBER: 

UC3717ANE - 16 Pin Dual-in-line (DIL) "Bat Wing" 
Package 

3717Ad - 16 Pin Dual-in-line Ceramic Package 





UC3717A 
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PHASE A 
PHASE B—— 
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Figure 16: Half-Step, Bi-directional Drive Logic 
UNITRODE INTEGRATED CIRCUITS 


7 CONTINENTAL BLVD. « MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603)424-3460 
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UC3770A 
UC3770B 


High Performance Stepper Motor Drive Circuit 


FEATURES 


¢ Full-Step, Half-Step and Micro-Step 
Capability. 


e Bipolar Output Current up to 2A. 


e Wide Range of Motor Supply Voltage: 
10—50V 


e Low Saturation Voltage 
e Wide Range of Current Control: 5mA—2A. 


e Current Levels Selected in Steps or Varied 
Continuously. 


e Thermal Protection and Soft Intervention. 


BLOCK DIAGRAM 


| Current 


12/92 


DESCRIPTION 

The UC3770A and UC3770B are high-performance full bridge driv- 
ers that offer higher current and lower saturation voltage than the 
UC3717 and the UC3770. Included in these devices are LS-TTL 
compatible logic inputs, current sense, monostabie, thermal shut- 
down, and a power H-bridge output stage. Two UC3770As or 
UC3770Bs and a few external components form a complete micro- 
processor-controllable stepper motor power system. 


Unlike the UC3717, the UC3770A and the UC3770B require exter- 
nal high-side clamp diodes. The UC3770A and UC3770B are iden- 


- tical in all regards except for the current sense thresholds. 


Thresholds for the UC3770A are identical to those of the older 
UC3717 permitting drop-in replacement in applications where high- 
side diodes are not required. Thresholds for the UC3770B are tai- 
lored for half stepping applications where 50%, 71%, and 100% 
current levels are desirable. 


The UC3770A and UC3770B are specified for operation from 0°C 
to 70°C ambient. 


AOUT BOUT 3.14VM 


Monostable | 
toFF = 0.69RTCT 


Emitters 





UDG-92039 |. 
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ABSOLUTE MAXIMUM RATINGS 

Logic Supply Voltage, Vcc........... ba Bihade are. wonoaca tag er erry ere . IV 
Output Supply Voltage, VMM.............. 0c eee eee eee 50V 
Logic Input Voltage (Pins 7,8,9)......... 0... cc cece een eee ete e eens 6V 
Analog Input Voltage (Pin 10) 0.0... . ec ee ee ene Vcc 
Reference Input Voltage (Pin 11)....... 0.0.0... cece ee eens 15V 
Logic Input Current (Pins 7, 8,9)............ a train Rieke ant Rant geass -10mA 
Analog Input Current (Pins 10,11) .......... 0. ccc ce eee eens -10mA 
Output Current (Pins 1,15) .......... 0.0... ccc eee ees gare le eigen + 2A 
Junction Temperature, Ty... 6. ee eee eee neee +150°C 


Note 1; All voltages are with respect to Gnd (DIL Pins 4, 5, 12, 13); all currents 
are positive into, negative out of the specified terminal. 

Note 2: Consult Unitrode Integrated Circuits databook for thermal limitations and 
considerations of packages. : : 


CONNECTION DIAGRAMS _—{’ | a a 


DIL-16 (Top View) PLCC-28 (To p View) pennriemria FUNCTION 


J Or N Package | | Q Package 


16] Emitters 





ELECTRICAL CHARACTERISTICS: (All tests apply with Vm = 36V, Vcc = 5V, Vr = 5V, No Load, and 0°C<TA<70°C, 
unless otherwise stated, TA = Ty.) 


C3770 
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| PARAMETER |_—CTESTCONDITIONS _| MIN | TYP | MAX | MIN | TYP | MAX [UNITS 
| Supply Voltage Vm (Pins 3,14) | to | a | to | | 
| Logic Supply Voltage vec (Ping) | =F i 5 | | 5 | 475 | 5 | 5a | 
Logic Supply Currenticc (Pin6)  jlo=lh=H,iIM=O | | | 45 | 25 || 15 | 25 | ma | 
flozn=timso | ft | ae || 8 | 8 | ma 

| ___lo= =H, M= 1.34 | | 33 | ao | | 33 | 40 | ma | 

| Thermal Shutdown Temperature | | oT | sto] 
ese Troshoid (Pee 7.6,8) __f-—______1 081} 201 98 }__{ 20.) ¥_ 
Input Current Low (Pin 8) Meogy Tt too PT 100 | 
| InputCurrentLow(Pins7,9) [Mizoav, = | a0 || 400 | | 
| InputCurrentHigh (Pins 7,89) viz2av Tt tp 
Comparator Threshold (Pin10)  |Va=SV,lo-L.n=t | 400 | 415 | 430 | 400 | 415 | 430 | mv | 
255 | 265 | 290 | 300 | 315 

WA = SV Jonnie | 70 | 80 | 90 | 195 | ato | 225 | mv | 

| Comparator input Curent (Pinto) | ET ee | #20 | 
Off Time ___|rr=s6k,Cr=820pF_ | 25 | 30 | 35 | 25 | 30 | 35 | ms | 
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UC3770A 

UC3770B 
ELECTRICAL (All tests apply with VM = 36V, Vcc = 5V, VA = 5V, No Load, and 0°C<Ta<70°C, 
CHARACTERISTICS (cont.): unless otherwise stated, TA = Ty.) 


PARAMETER TEST CONDITIONS 
Tum Off Dea ee 


| MIN | 

a] 

Sink Driver Saturation Voltage iM=10A | | 
IM=13A 

a 













Source Driver Saturation Voltage IM=1.0A 


; IM =13A 
VM = 45V 


















__Output Leakage Current _ 


Figure 1: Typical Source Saturation Figure 2: Typical Sink Saturation Figure 3: Typical Supply Current 
Voitages vs. Load Current Voltages vs. Load Current vs. Load Current 


itt 
pt Tt tT | ta=428° ¢ 









| | | | | | taz+25°¢ 








> > 
18 > | 
T 16 4 < cS 
ae ee : E 7 
a7 ese ae # Q se 
2 10 nee eee 9 = ES 
oe eT 
Pee elle 
Reese sed ea C1 ahd 
2 4 6 8 10 1214 16 18 20 2 4 6 810 1214 16 1820 24 6 810 1214 16 1820 
Output Current -A Output Current-A Output Current-A 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * TELEX 95-3040 
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Product Selection Guide 


POWER DRIVERS, SWITCHES AND INTERFACE CIRCUITS 





Smart Power Switch These devices act as high gain power transistors and 
have on-chip, current limiting, power limiting, and 
thermal overload protection. 

e Greater than 1.0A Output 

e 3.0uA Typical Base Current (Adjustable) 
e 500ns Switching Time 

e 2.0V Saturation Voltage 

e Directly Interfaces with CMOS or TTL 

e Internal Thermal Limiting 





PWM Dual Driver Load Control and Status monitoring for two inductive 28 Pin DIL 
loads up to 1A each. 28 PLCC 
e PWM Current Control 
e Dual Floating Switches 
e Supply Voltage up to 60V 
e Tri-State Status Outputs 
e Low Saturation Voltage 


Half-Bridge Bipolar e Source or Sink 4.0A 
Switch e Supply Voltage to 35V 
e High-Current Output Diodes 
e Tri-State Operation 
e TTL and CMOS Input Compatability 
e Thermal Shutdown Protection 
e 300KHz Operation | 


Triple Half-Bridge Power | ¢ Three 2A Drivers 24 Pin 
Driver e On Board Clamp Diodes Power DIL 


Smart Switch Independent high and low side switching, up to 2.5A 24 Pin 
capability Power DIL 
Full Protection | 
Over- and Under-Current Fault Indication 
SOV Operation 


Five Channel Five Current-Sinking Switches 24 Pin 
Programmable Current Programmable Currents from.5 to 2.5A Power DIL 
Switch Internal Current Sensing 

40V Operation 

Protection Features 


Isolated High Side Drive Fully Isolated Drive for High Voltage 8 Pin DIL 
for N-Channel Power 0% to 100% Duty Cycle (Pair) 
MOSFET Gates 600KHz Carrier Capability 

Local Current Limiting Feature 


IGBT Driver Primary Side Transmits to UC3727 16 Pin DIL 
IGBT Driver Secondary Able to Pass D.C. Information 28 Pin PLCC 
Side Transmits Logic Signal Instantly 
Receives Power and Signal Across Simple Pulse 
Transformer 
+15V, -5V Gate Drive Voltage 
e 4Amp (PK) Output Current 
e De-Sat Detect with Programmable Fault Response 





* Consult Factory for Commercial 15 Pin Power Tab Package 
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Product Selection Guide 


POWER DRIVERS, SWITCHES & INTERFACE CIRCUITS | 


Octal Single Ended Line - 


Driver 


Octal Single Ended Line 
Driver 


Advanced Octal Single 
Ended Line Driver 


Octal Line Receiver 


Ethernet Coaxial 
Impedance Monitor 


Suited for Data Transmission Systems 

e Eight Drivers in One Package 

e Meets EIA Standards 

e Single External Resistor Controls Slew Rate 
e Tri-State Outputs — 

e Low Power Consumption 


- @ TTL Compatible — 
_ e Single TTL Mode Select 


e Eight Drivers in One Package 
e Single External Resistor Controls Slew Rate 
e Tri-State Outputs 


Suited for Data Transmission Systems 

e Eight Drivers in One Package 

e Operates in EIA-423 Mode 

e Can Operate from Supplies up to +15V 

e Can Withstand EDS of up to 40V (up to 1mS) 


Suited for Digital Communication Requirements 
e Eight Receivers in One Package 

e Meets EIA Standards 

e Single 5V Supply 

e Differential Inputs Withstand + 25V 

e Low Noise Filter 


e Detects Cable Impedance Errors 
e Detects Cable Termination Errors 


e Compatible with IEEE 802.3, 10Base5, 10Base2, 


and 10BaseT. 

e Preset and Adjustable Data Thresholds 

e Protects DTE from Spurious Data 

e Prevents Erroneous Transmission Through 
Repeaters 

e Acts as a FAST Receiver Squelch, even with 
RX Data Transformers as Small as 16H. 


-e Low Skew 


— 28 Pin DIL 
28PLCC 


28-Pin DIL 
28 PLCC 


28 Pin DIL 
28 Pin PLCC 


28 Pin DIL 
28 PLCC 


8 Pin DIL 





INTEGRATED 
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me UNITRODE 


Product Selection Guide 


HIGH CURRENT FET DRIVER CIRCUITS 








8 Pin DIL 
5 Pin TO-220 
Power SO-IC 


High Speed Power Driver 
(Single ended) 


e 1.5A TotemPole Output 
e High Speed MOSFET Compatible 
e Low Quiescent Current 
| e Low Cost Package 


e Dual, 1.5A Totem Pole Outputs 

e Parallel or Push-Pull Operations 

e Single-Ended to Push-Pull Conversion (1706 Series) 
e Internal Overlap Protection 

e Analog, Latched Shutdown 

e High-Speed, Power MOSFET Compatible 

e Thermal Shutdown Protection 

¢ 5 to 40V Operation 

e Low Quiescent Current 
































eretelets! 


16 Pin DIL 
"Batwing" 


Dual High Current 
MOSFET Compatible 
Output Driver 































SMD 
Power SO-IC 


Dual Uncommitted High 
Current MOSFET 
Compatible Output Driver 


















Dual Non-Inverting e 3.0 Peak Current Totem Pole Output 8 Pin DIL 
Power Driver e 5 to 35V Operation 16 Pin DIL 
e 25nSec Rise and Fall Times SMD 
e 25 nSec Propagation Delays Power SO-IC 


e Thermal Shutdown and Under-Voltage Protection 
e High-Speed, Power MOSFET Compatible 

e Efficient High Frequency Operation 

e Low-Cross-Conduction Current Spike 

e Enable and Shutdown Functions 

e Wide Input Voltage Range 

e ESD Protection to 2kV 


e 1.5A Source/Sink Drive 
e Pin Compatible with 0026 

e 40ns Rise and Fall into 1000pF 
e Low Quiescent Current 


e 10A Peak Current Capability 
e 40ns Rise and Fall Times 

e 40ns Delay Times (1Nf) 

e Low Saturation Voltage 


e 25nS Rise and Fall into 1000pF 

e 15nS Propagation Delay 

e 1.5Amp Source or Sink Output Drive 
e Operation with 5V to 35V Supply 

e High-Speed Schottky NPN Process 
e 8-PIN Mini-DIP Package 

e Radiation Hard 


















Dual High Speed 
FET Driver 


8 Pin DIL 
SMD 
Power SO-iIC 





























8 Pin DIL 
5 Pin TO-220 
Power SO-IC 


High Current/Speed 
FET Driver 
















8 Pin DIL 
SMD 
Power SO-IC 


Dual Ultra High 
Speed FET Driver 
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Product Selection Guide 


SCSI BUS BOSS™ ACTIVE TERMINATORS 





18 Line SCSI-2 Active ° 28 Pin Pwr. PLCC 
Terminator e Logic Command Disconnects All Terminating 28 Pin Pwr. SO-IC 
Resistors 

e Provides Active Termination for 18 Lines 

e Negative Clamping On All Signal Lines 

e Low Supply Current in Disconnect Mode 

e Low Dropout Voltage Regulator 

e Low Thermal Resistance SMD Packages 





18 Line SCSI-2 Active e Provides Active Termination for 18 Lines 28 Pin Pwr. PLCC 
Terminator e Engineered for High Volume Applications 28 Pin Pwr. SO-IC 
e 6% Trimmed Max. Termination Current 
e 6% Termination Impedance 
e Low Dropout Voltage Regulator 


9 Line SCSI-2 Active e Two New Power SMD Packages for 1.8in. HDD or | 16 Pin Pwr. SO-IC 
Terminator Cable Applications 16 Pin Pwr. ZIP 

e Provides Active Termination for 9 Lines i 

e Trimmed to Meet SCSI-3 Specifications 

e Low Capacitance 

e 300mA Source/Sink Current 

e 100A Supply Current in Disconnect Mode 

e Negative Clamping on All Signal Lines 


Note: Look for other new SCSI product accouncements. Contact your UICC Representative 
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LI] CIRCUITS L295 
aa UNITRODE | . 
Dual Switchmode Solenoid Driver 


FEATURES DESCRIPTION 

e High current capability (up to 2.5A per The L295 is a monolithic integrated circuit in a 15 lead MULTIWATT® package; it 
channel) incorporates all the functions for direct interfacing between digital circuitry and 

e High voltage operation (up to 46V for inductive loads. The L295 is designed to accept standard microprocessor logic levels 
power stage) and drive 2 independent solenoids. The output current is completely controlled by 


éHioketaciency awicnmade aueratien means of a switching technique allowing very efficient operation. Furthermore, it 
8 y P includes an enable input and separate power supply inputs for bilevel operation such as 
e Regulated output current (adjustable) interfacing with peripherals running at higher voltage levels. 


* Few external components The L295 is particularly suitable for applications such as hammer driving in matrix printers, 


e Separate logic supply step motor driving and electromagnet controllers. 
e Thermal protection 


ABSOLUTE MAXIMUM RATINGS THERMAL DATA 
Collector Supply Voltage, Vo ......... cee cece ec eee eee 50V Thermal Resistance Junction-Case, Ajo .......... 3°C/W max 
Logic Supply Voltage, Vss ....... 0. cece eee cece eee eee 12V Thermal Resistance Junction-Ambient, Oya...... 35°C/W max 
Enable and Input Voltage,Ven, Vi........... 0c cece ee ec eee 7V 
Reference Voltage, VREF......... ccc cee cece cece cece cence 7V 
Peak Output Current (each channel) 
Non-Repetitive, (t = 100usec), low... cece cee eee ee ee ee eee 3A 
Repetitive (80% on -20% off; ton = 10ms)............. 2.5A 
DG Ode ation :.ch..osicsireovnyacesetacszas eanilcd ce tae 2A 
Total Power Dissipation (at Tcase = 75°C) ...........4..4. 25W 
Storage and Junction Temperature............. ~40 to +150°C 


BLOCK DIAGRAM 









DRIVER 


H1 
| DRIVER . 


/\, D2 








OVrer 2 Vin 20 OEN OViwn1 OVrer 1 





L295 


MECHANICAL DATA CONNECTION DIAGRAM (TOP VIEW) 








V Package VH Package 


INPUT 2 
-——> , LOGIC SUPPLY VOLTAGE'Vss 
9|—-———>_ OSCILLATOR RC NETWORK 
GROUND 


Tab connected to Pin 8 


ELECTRICAL CHARACTERISTICS (Refer to the application circuit, Vss.= 5V, Vc = 36V, Tj; = 25°C; unless otherwise specified, 


L = Low;'H = High) TA=Ty © . 


PARAMETER SYMBOL TEST CONDITIONS TYP. | MAX. | UNITS 


Quiescent Drain Current (from Vc) 
Quiescent Drain Current (from Vss) 









—_ 
BA 
s 
a 
<|< 


Low Input Voltage 
High Input Voltage 
Low Enable Input Voltage 
High Enable Input Voltage 


Input Current Via = Via =L 


Enable Input Current fiw Ven = L —}— 
Ven =H 
a 
Pe 











Input Reference Voltage | VrersVaer2 | 
Oscillation Frequency C= 3.9nF, R=9.1KQ 


Transconductance lp e 7 

(each channel) VREF MRED = dNucnac Wott oi 
Total Output Voltage Saturation V I, = 2A 

(each channel)* eat e 


External Sensing Resistors Voltage Drop 











*Vsat = VcEsatai + VcEsatae2. 


APPLICATION CIRCUIT 


L295 


0.50 Vrer2 EN 


Vine Vina 


L295 


+Vo 
© 


O.1uF 470pF 
Rl = 
Dl 
Ll 
3 
5 49 
9.1kQ 3.9nF 


GC) Rs1 R 
VreF1 0.52 


D1, D4 = 2A HIGH SPEED DIODES (SES5001, or equivalent) 


FUNCTIONAL DESCRIPTION 


The L295 incorporates two independent driver channels with 
separate inputs and outputs, each capable of driving an inductive 
load (see block diagram). 


The device is controlled by three microprocessor compatible 
digital inputs and two analog inputs. These inputs are; 


EN chip enable (digital input, active low), enables both chan- 
nels when in the low state. 


Vina, 

Vine channel inputs (digital inputs, active high), enable each 
channel independently. A channel is activated when both 
EN and the appropriate channel input are active. 


VREF1, 

Vrer2 reference voltages (analog inputs), used to program the 
peak load currents. Peak load current is proportional to 
VRer. 


Since the two channels are identical, only channel one will be 
described. The following description applies equally to channel 
two, replacing FF2 for FF1, Vrere for Vrer1 etc. When the channel 
is activated by a low level on the EN input and a high level on the 
channel input Vin1, the output transistors Q1 and Q2 switch on 
and current flows in the load according to the exponential law: 


7 Vv [ att 
eee et 


where: R1 and L1 are the resistance and inductance of the load 
and V is the voltage available on the load 


The current increases until the voltage on the external sensing 
resistor, Rs1, reaches the reference voltage, Vrer1. This peak 
current, Ip1, is given by: 





At this point the comparator output, Comp 1, sets the RS flip-flop, 
FF1, that turns off the output transistor, Q1. The load current 
flowing through D2, Q2, Rs1, decreases according to the law: 


ref Va Rit Va 
=| — e -— 
Ry RI 


where: Va = VcEsat Q2 + Vsense 1 + Vo2 


If the oscillator pin (9) is connected to ground the load current 
falls to zero as shown in Figure 1. 


At time tz, channel 1 is disabled by taking the inputs Vin1i low 
and/or EN high, and the output transistor Q2 is turned off. The 
load current flows through D2 and D1 according to the law: 


Ve re TRit VB 
= e Se 
ap L1 Ri 


where: Ve = Vct Vo1 + Vo2 
lr2 = current value at the time to. 





Figure 2 shows the current waveform obtained with an RC network 
connected between pin 9 and ground. From to to ty the current 
increases as in Figure 1. A difference exists at the time t2 because 
the current starts to increase again. At this time a pulse is 
produced by the oscillator circuit that resets the flip flop, FF1, and 
switches on the output transistor, Q1. The current increases until 
the drop on the sensing resistor Rs1 is equal to Vrer1 (ts) and the 
cycle repeats. 


The switching frequency depends on the values of R and C, as 
shown in Figure 4 and must be chosen inthe range 10 to 30KHz. 


It is possible with external hardware to change the reference 
voltage Vrer in order to obtain a high peak current Ip and a lower 
holding current In (see Figure 3). 


The L295 is provided with a thermal protection that switches off 
all the output transistors when the junction temperature exceeds 
150°C. The presence of a hysteresis circuit makes the IC work 
again after a fall of the junction temperature of about 20°C. 


The analog input pins (VrReF1, Vaer2) can be left open or 
connected to Vss; in this case the circuit works with an internal 
reference voltage of about 2.5V and the peak current in the load is 
fixed only by the value of Rs: 


= 25 
p Rs 








L295 


SIGNAL WAVEFORMS 


uw 
Ww 
c 
> 





Q1 





@ 


Figure 1. Load current waveform with pin 9 connected 


Figure 2. Load current waveform with external R-C 


network connected between pin 9 and ground 


to GND 








IN 
R(KO) 


AN Nl 
INN IN 


i 
100 
(KQ) © 


Fe] 


LH EE 
10 


fren TIN 


Vrer 


R— 





Figure 3. With Veer changed by hardware 


Figure 4. Switching frequency vs values of R and C 


eP.Q. Box 399 ¢ Merrimack, New Hampshire e 03054-0399 


-424-2410 ¢ FAX 603-424-3460 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. 


Telephone 603 
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erean= 2-<~ UC1705 


€. UC2705 
oe WNIT = 
eens = Ee UC3705 
High Speed Power Driver 
FEATURES DESCRIPTION 
¢ 1.5A Source/Sink Drive The UC1705 family of power drivers is made with a high speed Schottky proc- 


ess to interface between low-level control functions and high-power switching 
devices - particularly power MOSFETs. These devices are also an optimum 
* 40 nsec Rise and Fall into choice for capacitive line drivers where up to 1.5 amps may be switched in 

1000pF either direction. With both Inverting and Non-Inverting inputs available, logic 
signals of either polarity may be accepted, or one input can be used to gate or 
strobe the other. 


« 100 nsec Delay 


¢ — Inverting and Non-Inverting 
Inputs 

Supply voltages for both Vs and Vc can independently range from 5V to 40V. 

For additional application details, see the UC1707/3707 data sheet. 


The UC1705 is packaged in an 8-pin hermetically sealed CERDIP for -55°C to 
+125°C operation. The UC3705 is specified for a temperature range of 0°C to 
¢ 5V to 40V Operation +70°C and is available in either a plastic minidip or a 5-pin, power TO-220 
package. 


¢ Low Cross-Conduction Current 
Spike 


e Low Quiescent Current 


e Thermal Shutdown Protection 
¢ MINIDIP and Power Packages 






TRUTH TABLE CONNECTION DIAGRAMS 
DIL-8 MINIDIP, SOIC-8 5-PIN TO-220 
(TOP VIEW) (TOP VIEW) 
Noor J Package, D Package T Package 
Vs|1 18 | NI. IN 
OUT = INV and N.I. Vv 7 |INV. IN 
OUT = INV or N.I. “lz a LOGIC 
N/C| 3] 161 GND 
PWR 
OUT | 4| GND 
BLOCK DIAGRAM 
Vs INTERNALLY 
| } - —- CONNECTED - —- 


IN T-PACKAGE 


5V LOGIC 
REGULATOR 


N.I. INPUT[_] > » 
) 


INV. INPUT[_] 


THERMAL S.D. ves 7 al PWR 


INTERNALLY 
| +/——- CONNECTED - —~ 
LOGIC GND !N T-PACKAGE 
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UC1705 


UC2705 
| . UC3705 
ABSOLUTE MAXIMUM RATINGS 
N-Pkg J-Pkg T-Pkg 
Supply Voltage, VIN ..... 0... 0. ccc eee eee ences AOV............ aca eanes GON Guts ae pene ee seed 40V 
Collector Supply Voltage, VC... 0... eee eee OM 60) sh attend te nated MOV a ivibicwew ga mnen. Oa gates 40V 
Output Current (Source or Sink) : 
Steady-Slale 45628 a4 he Gu he hs4 hha aes ijn EOOOMAS era ah baad SOOOMA gs ooo tre Meta ioed +1.0A 
Peak. Transient: csc cere nGas Vanni se cerGe eee ba aen BOP Di gd od. aye ar dhh op wie POA? 6 ts eto e eae 6 ies es +2.0A 
Capacitive Discharge Energy .................0008- ZOD wetiauhoneie wh ane VO sak cre cto ores 50pJ 
Digital Inputs (See Note) ............. 0... . eee eee DOV salen ie ens Oca DOV ah gee oatawecae 5.5V 
Power Dissipation at Ta = 25°C (See Note).............. wap WN Aluka eevee eth dare eee WE rk oO eo, ers ae htac ne 3W 
Power Dissipation at TA (Leads/Case) = 25°C (See Note) ...3W............. 0. eee OW. eevee Se sete ees 25W 
Operating Temperature Range ..................4.. 0°C to +70°C.......... -55°C to +125°C .......... 0°C to +70°C 
Storage Temperature Range .................... -65°C to +150°C ........ -65°C to +150°C ......... -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds)............. SOO Osanna to X10. 0 hl a nee pee PO 300°C 


Note: All currents are positive into, negative out of the specified terminal. 
Digital Drive can exceed 5.5V if input current is limited to 10mA 
Consult Packaging Section of Databook for thermal limitations and considerations of package. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1705, -25°C to +85°C for the UC2705, and 0°C to +70°C for the UC3705; Vs = Vc 














= 20V, TA= Ty. 
| == PARAMETERS —“‘(ssC*d|SSCSCSTESCONDITIONS ~—s|_‘ MIN 
Vs Supply Current Vs = 40V, (Outputs High, T Pkg Bea te 
Vs = 40V, (OutputsLow,TPkg) sss = || S| 8 || 12 «| mA 
ve Supply Gurent (NJ Onyi___ve-= 40, Qutous Low __________{__|_2 1 4} ma 
Vc Leakage Current (N, J Onl Vs=0,Ve=30V—— —“‘“CS*S*dTSC*édC:C(COS,“*Y|-_O.._' | mA 
Digital input Low Level Pf 08 | 
| DigitalinputHighLevel =—s—(§“ |i C—“‘“(‘(‘(‘(‘;‘“‘iP TU 
| _InputCurent = i — — —“(tis‘“(*‘“‘“‘“‘mYS Cd 8 | A | mA | 
| InputLeakage Cd eC“ —“‘“CS*S*S*S*S*S*C~C*srTSC“‘(‘S*L:CN | 4 | mA | 
j OUpUAHigh Sat VeVo figs Sma ttt 2g ty 
fo=-500mA—  —“‘“;CS*S*S*rLSCié‘idC((RN$N$*U“C“C C25 | 
| OupetlowSat,vo figs Om og tv 
lo = 500mA a ee 
| ThermalShutdown | s—“‘(C;CS*S*S™S*C*~*dSC‘( z‘(CO ST CT 


[From inv. inputtoQutput | if open | 1.0 | 2.2 
| RiseTimeDelay | | 60_| 


[00% 9 10% Fal 
Ve Cross-Conduction 
Current Spike Duration 


From N. |. Input to Output: aa ee eg ee 





UC1705 
UC2705 
UC3705 


APPLICATIONS 


Power MOSFET Drive Circuit Power MOSFET Drive Circuit using Negative Bias Voltage and Level 
Shifting to Ground Referenced PWMs. 


Drive Input 
from PWM 


VZ=VEE 


ae 


(VEE ) 
Negative Bias 
(-5 TO -10V) 


Di, D2: UC3611 Schottky Diodes D1, D2: UC3611 Schottky Diodes 


Transformer Coupled MOSFET Drive Circuit Charge Pump Circuits 


D1, D2: UC3611 Schottky Diodes 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK NH 03054 
TEL. (603 424-2410 « FAX (603) 424-3460 
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‘CIRCUITS UC1706 
man UNITRODE UC2706 
| UC3706 
Dual Output Driver | 
FEATURES _ DESCRIPTION 
¢ Dual, 1.5A Totem Pole Outputs The UC1706 family of output drivers are made with a high-speed Schot- 


tky process to interface between low-level control functions and high- 
power switching devices - particularly power MOSFET’s. These devices 
¢ Parallel or Push-Pull Operation implement three generalized functions as outlined below. 


* 40nsec Rise and Fall into 1000pF 


¢  Single-Ended to Push-Pull Conversion First: They accept a single-ended, low-current digital input of either polar- 
| ity and process it to activate a pair of high-current, totem pole outputs 


* High-Speed, Power MOSFET which can source or sink up to 1.5A each. 
Compatible 
Second: They provide an optional single-ended to push-pull conversion 


* Low Cross-Conduction Current Spike — through the use of an internal flip-flop driven by double-pulse-suppres- 
¢ Analog, Latched Shutdown sion logic. With the flip-flop disabled, the outputs work in parallel for 3.0A 
capability. 


* Internal Deadband Inhibit Circuit | | 
Third: Protection functions are also included for pulse-by-pulse current 


¢ Low Quiescent Current limiting, automatic deadband control, and thermal shutdown. 


¢ 5 to 40V Operation These devices are available in a two-watt plastic "bat-wing" DIP for op- 
eration over a 0°C to 70°C temperature range and, with reduced power, 
in a hermetically sealed cerdip for -55°C to +125°C operation. Also avail- 
¢  16-Pin Dual-In-Line Package able in surface mount Q and L packages. 


¢ Thermal Shutdown Protection 


¢  20-Pin Surface Mount Package TRUTH TABLE 


OUT = INV and N.1. 
OUT = INV or N.I. 





BLOCK DIAGRAM 


FLIP FLOP 
ACTIVATE By 


A INHIBIT |16| 


cok 16] OUTPUT A 
REF [15] —_ Ae 
B INHIBIT | 1| : . 4 


INVERTING 
2 


INPUT 
NON-INVERT , 
INPUT 12 
+VIN 114) ® 
q OUTPUT B 
Ew oe 


ANALOG STOP 
NON-INV. [10 Ss 4 
ANALOG alll [| GROUND 


STOP INV. 


4,5,12,13 
*SET DOMINANT 
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UC1706 


UC2706 
UC3706 
ABSOLUTE MAXIMUM RATINGS 
N-Pkg J-Pkg 
Supply Voltage, VIN ....... 0... cee eee eee WOW i hee Su Guana tae 40V 
Collector Supply Voltage, VC ..............00000- AOV sii aonseeein eu icmee 40V 
Output Current (Each Output, Source or Sink) 
Steady-State. 0... ce eee t500MA ihe cea eae kes +500mA 
Peak Liansicnl s,.c0c.es eee terse ates ne SOAs eee ee ee eRe +1.0A 
Capacitive Discharge Energy.................. ZO ecwiaaethcre dean eee Mat 15pJ 
Digital INputs sci 102665 Dew ee eee eee Oke wba es BOW sence seus a are aig e ee 5.5V 
Analog Stop Inputs... ......... 0.0... cee ee eee VAIN cee ncaa te cette Beeler has VIN 
Power Dissipation at TA = 25°C (See Note)......... PWV ct tiad t-te ae hie ek eed 1W 
Power Dissipation at T (Leads/Case) = 25°C (See NoteBW............. 0.00. ee ee 2W 
Operating Temperature Range .................e cece eae -55°C to +125°C ....... 
Storage Temperature Range ............ 0.2.0. cece eens -65°C to +150°C ....... 
Lead Temperature (Soldering, 10 Seconds) ................0005 S00 even Bie eas 


Note: All voltages are with respect to the four ground pins which must be connected to- 
gether. All currents are positive into, negative out of the specified terminal. Consult Packag- 
ing section of Databook for thermal limitations and considerations of package. 


CONNECTION DIAGRAMS 


DIL-16, SOIC-16 ~ PLCC-20, LCC-20 
(TOP VIEW) (TOP VIEW) 
J or N Package, DW Package Q, L Packages 


| PIN | 

| BINHIBIT | 2 | 
pC INEEE 
INHIBIT REF 
V 

| STOPINV. | 


N/C 
| STOP NON-INV. | 
N/C 
N/C 





B INHIBIT 
INV. INPUT 


N.I. INPUT VIN 


GROUND GROUND 


STOP INV 


GAOUNE STOP NON-INV. 


GROUND 


8 14 B OUTPUT 

9 10 11 12 13 GROUND 
Pe pet | NC 
STOP INV. GROUND 

: | NG 

Note: All four ground pins must be connected GROUND 
to a common ground. 

INHIBIT REF 

A INHIBIT 


A OUTPUT B OUTPUT 





Z 
11 
12 
13 
FLIP/FLOP 14 
15 


Ve 






ELECTRICAL CHARACTERISTICS: Unless othemise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1 706, -25°C to +85°C for the UC2706 and 0°C to +70°C for the UC3706; VIN = 


Vo = 20V. TA= Ty. 
TEST CONDITIONS 
VIN = 40V 
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ELECTRICAL 


UC1706 
UC2706 
UC3706 


Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 


CHARACTERISTICS (cont.): UC1 706, -25°C to. +85°C for the UC2706 and 0°C to +70°C for the UC3706; VIN = Vc = 20V. 
TA = Tu. . 








PARAMETERS 
Output Low Sat., Vo 


Inhibit Threshold 


Inhibit Input Current 
Analog Threshold 

Input Bias Current 
Thermal Shutdown 





| TESTCONDITIONS | MIN 
lo=5OmMA 
lo=500mA 
Vrer=05V0 
VrerF=35V000 88 
[Verso 
Vem=Oto1sV 100 
ee eit: ea 
i ee eee ee 


TYPICAL SWITCHING CHARACTERISTICS: Vin = Vc = 20V, TA = 25°C. Delays measured to 10% output change. 


From N. |. Input to Output: 
Rise Time Dela 
10% to 90% Rise 
Fall Time Dela 
90% to 10% Fall 
Vc Cross-Conduction Current Spike Duration 





Output Rise 
Output Fall 


N 
>) 


Inhibit Delia 





CIRCUIT DESCRIPTION 

Outputs 

The totem-pole outputs have been designed to minimize 
cross-conduction current spikes while maximizing fast, 
high-current rise and fall times. Current limiting can be 
done externally either at the outputs or at the common Vc 
pin. The output diodes included have slow recovery and 
should be shunted with high-speed external diodes when 
driving high-frequency inductive loads. 


Flip/Flop a 

Grounding pin 7 activates the internal flip-flop to alternate 
the two outputs. With pin 7 open, the two outputs operate 
simultaneously and can be paralleled for higher current 
operation. Since the flip-flop is triggered by the digital in- 
put, an off-time of at last 20Onsec must be provided to al- 
low the flip/flop to change states. Note that the circuit 
logic is configured such that the "OFF" state is defined as 
the outputs low. 


Digital Inputs 7 

With both an inverting and non-inverting input available, 
either active-high or active-low signals may be accepted. 
These are true TTL compatible inputs--the threshold is 


[| PARAMETERS =| CCTESTCONDITIONS | COUTPUTCL= | UNIT 
[Frominv.inputtoQutput: pen | 1.0 | 22 | 
| RiseTimeDelay | tt | 130] 140 | ns 
| 10%to90%Rise | 20 || ns 
| FallTimeDelay 80 90 10 ns 

90% to 10% Fall arenes oe ee ae 


Inhibit Ref. = 1V, Inhibit Inv. = 0.5 to 1.5V 


Analog Shutdown Dela’ > Stop Non-Inv. = OV, Stop Inv. = 0 to 0.5V © 180 







approximately 1.2V with no hysteresis; and external pull- 
up resistors are not required. : 


Inhibit Circuit | | | 
Although it may have other uses, this circuit is included to 

eliminate the need for deadband control when driving 

relatively slow bipolar power transistors. A diode from 

each inhibit input to the opposite power switch collector 

will keep one output from turning-on until the other has 

turned-off. The threshold is determined by the voltage on 

pin 15 which can be set from 0.5 to 3.5V. When this cir- 

cuit is not used, ground pin 15 and leave 1 and 16 open. 


‘Analog Shutdown 


This circuit is included to get a latched shutdown as close 
to the outputs as possible, from a time standpoint. With 
an internal 130mV threshold, this comparator has a com- 
mon-mode range from ground to (VIN - 3V). When not 
used, both inputs should be grounded. The time required 
for this circuit to latch is inversely proportional to the 
amount of overdrive but reaches a minimum of 180nsec. 
As with the flip-flop, an input off-time of at least 200nsec 
is required to reset the latch between pulses. 
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CIRCUIT DESCRIPTION (cont.) 

Supply Voltage 

With an internal 5V regulator, this circuit is optimized for 
use with a 7 to 40V supply; however, with some slight re- 
sponse time degradation, it can also be driven from 5V. 
When Vin is low, the entire circuit is disabled and no cur- 
rent is drawn from Vc. When combined with a UC1840 


UC1706 
UC2706 
UC3706 


to the UC1706. VIN switching should be fast as if Vc is 
high, undefined operation of the outputs may occur with 
VIN less than 5V. 


Thermal Considerations 
Should the chip temperature reach approximately 155°C, 
a parallel, non-inverting input is activated driving both 


PWM, the Driver Bias switch can be used to supply VIN outputs to the low state. 


APPLICATIONS 


Power MOSFET Drive Circuit Power MOSFET Drive Circuit Using Negative Bias Voltage and Level 


Shifting to Ground Referenced PWMs. 


Drive Input 
from PWM 


(VEE ) 
Negative Bias 
(-5 TO -10V) 


D1, D2: UC3611 Schottky Diodes D1, D2: UC3611 Schottky Diodes 





Transformer Coupled MOSFET Drive Circuit Charge Pump Circuits 


D1, D2: UC3611 Schottky Diodes 
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APPLICATIONS (cont'd) 


°° Power Bipolar Drive Circuit 


14 


Driver 
Bias 


UC3840 
Or | 
UC3841 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. ¢ MERRIMACK, NH « 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 





UC1706 
UC2706 
UC3706 


Transformer Coupled Push-Pull MOSFET Drive Circuit 






= UC3611 Quad Schottky 
PGND piode Array 


D1, D2: UC3611 Schottky Diodes 





| 
| 
hos al 
UC3611 Quad Schottky 
Diode Array 
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INTEGRATED 
CIRCUITS 


wee UNITRODE 


Dual Channel Power Driver 


FEATURES 


Two Independent Drivers 

1.5A Totem Pole Outputs 
Inverting and Non-inverting Inputs 
40ns Rise and Fall into 1000pF 


High-Speed, Power MOSFET 
Compatible 


Low Cross-Conduction Current Spike 
Analog Shutdown with Optional Latch 
Low Quiescent Current 

5V to 40V Operation 

Thermal Shutdown Protection 

16-Pin Dual-In-Line Package 

20-Pin PLCC and CLCC Package 


BLOCK DIAGRAM 





INPUT. A 
Na. (15) PE 


INPUT A 
INVERT 


INPUT B 
N.I. 2} 


INPUT B 
INVERT 


NON-INV 


ANALOG 
STOP INV. 


SHUTDOWN 


H = NO LATCH OR RESET 


LATCH 
DISABLE 


L = LATCH ENABLED 
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UC1707 
UC2707 
UC3707 






—/= 
DESCRIPTION 


The UC1707 family of power drivers is made with a high-speed Schottky 
process to interface between low-level control functions and high-power 
switching devices - particularly power MOSFETs. These devices contain 
two independent channels, each of which can be activated by either a 
high or low input logic level signal. Each output can source or sink up to 
1.5A as long as power dissipation limits are not exceeded. 


Although each output can be activated independently with its own in- 
puts, it can be forced low in common through the action either of a digi- 
tal high signal at the Shutdown terminal or a differential low-level analog 
signal. The Shutdown command from either source can either be latch- 
ing or not, depending on the status of the Latch Disable pin. 


Supply voltage for both VIN and Vc can independently range from 5V to 
40V. 


These devices are available in two-watt plastic "bat-wing" DIP for opera- 
tion over a 0°C to 70°C temperature range and, with reduced power, ina 
hermetically sealed cerdip for -55°C to +125°C operation. Also available 
in surface mount DW, Q, L packages. 


TRUTH TABLE (Each Channel) _ 
| INV. =| NJ | our | OUT =INVand NII. 


OUT =INV orN.I. 





16 | OUTPUT A 


|11] OUTPUT B 


Ss 
LATCH 
R 


| | GROUND 
4,5,12,13 
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UC1707 


UC2707 
3 | UC3707 
ABSOLUTE MAXIMUM RATINGS 
N-Pkg J-Pkg 
Supply Voltage, VIN ........... ccc eee eee eet eee GON att eae Ge eas 40V 
Collector Supply Voltage, VC... 1... kee eee BOV Boise Saee ar os eae 40V 
Output Current (Each Output, Source or Sink) | 
Steady-State................ SE gaan cer ease Re eae SDOOMA Faia iat at serene +500mA 
Peak Transient: .cwccsiey wile kee eee eee hee cay Sh OAc eles eee +1.0A 
Capacitive Discharge Energy..............00 eee eee COW ss ie ieee a Netty garage ate 15pJ 
Digital Inputs (See Note) ........... 0... cee ee ees SOV’ wa aden Moe esniewnees 5.5V 
Analog Stop Inputs... 0.0.0... 0... cece ee eee ee MIN pcreesnae cement a deed VIN 
Power Dissipation at TA = 25°C (See Note)............... OW i komnnenacum erie tees 1W 
Power Dissipation at T (Leads/Case) = 25°C (See Note) .... 5W........... cee eee QW 
Operating Temperature Range ............. 0.2 cece eee ees -55°C to +125°C...... 
Storage Temperature Range .............. cece cece eee ees -65°C to +150°C...... 
Lead Temperature (Soldering, 10 Seconds) .................. 000 ee 16,3 Oe arene 


Note: All voltages are with respect to the four ground pins which must be connected together. All 
currents are positive into, negative out of the specified terminal. 

Digital Drive can exceed 5.5V if input current is limited to 10mA. 

Consult Packaging section of Databook for thermal limitations and considerations of package. 


CONNECTION DIAGRAMS 


DIL-16, SOIC-16 | PLCC-20, LCC-20 
(TOP VIEW) | (TOP VIEW) | SSCFUNCTION, | PIN 
J or N Package, DW Package Q, L Packages 


Pde = 
_INPUTBINV. | 2 
| INPUTBNI | 3 
| LATCHDISABLE | 4 


| 5 
i eee ee ees eel 
| OUTPUTA | 
| SHUTDOWN | 9 
| 10 | 
ie iad 
| 12 


N/C 
N/C 


INPUT B INV. 6} INPUT A INV. 


INPUT B NI. INPUT A N.I. 


LATCH 
DISABLE +VIN 


GROUND [4 GROUND 
GROUND GROUND 
OUTPUT A [6 OUTPUT B 





V 
8 14 ANALOG STOP INV. 
ANALOG 9 10 11 12 13 ANALOG STOP NON INV. 
STOP NON-INV. OUTPUT B 
+Ve STOP INV. GROUND 45 || 
PNG CTC 
Note: All four ground pins must be connected GROUND 
to a common ground. | vn s—“t;si‘iL:C‘SSCSd 
|_INPUT A NON INV. 


INPUT A INV. | 20 | 


1 
10 
11 
12 
SHUTDOWN 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
UC1707, -25°C to +85°C for the UC2707 and 0°C to +70°C for the UC3707; 
VIN = Ve = 20V. TA= Ty. 


TEST CONDITIONS 
IN = 40V 
= 40V, Outputs Low 


Digital Input Low Level 


Digital Input High Level 
Input Current 
Input Leakage 


Output High Sat., Vc-Vo lo = -50mA 
| lo = -500mA 





UC1707 


UC2707 
UC3707 
ELECTRICAL Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
CHARACTERISTICS (cont.): Ba ere ae to +85°C for the UC2707 and 0°C to +70°C for the UC3707; VIN = Vc = 
~1Az= bd. 





PARAMETERS TEST CONDITIONS 


Output Low Sat., Vo lo = 50mA 
lo = 500mA 


Analog Threshold Vcm = 0 to 15V 


| MIN | TYP_ 
besa 
ee 
| 100 
| InputBiasCurrent Meme 
coe 
| 0.4 
| 0.8 | 












are 
ae 

| 130_| 
E210.) 
Trea So | 155 | 
Shutdown Threshold 10 
|_latch Disable Threshold Pin Sinput, = 8 | 12 







PARAMETERS TEST CONDITIONS OUTPUT. CL 
From Inv. Input to Output: 
ut: 


: Fe a oped gee Sel open 
Rise Time Dela a eee oe 
foes 2S gS, hae fad Senet tn at OO 






2.2 


| 50_| 
| 40 | 
| FallTimeDelay 80 | 
| 90%to1o%Fal 8 | 
[From N.|.InputtoQutpu: | 
| RiseTimeDelay | 40 
| 10%to90%Riso | | 40 
| FallTimeDelay | 
| 90%to10%Fal | 
JQuputRise 


L225 

| 45 | 

Eo 

Vc Cross-Conduction Ouput Rise | 95 | 
i | 0 | 

001s 





Current Spike Duration Output Fall 


Analog Shutdown Delay Stop Non-Inv. = OV 
Stop Inv. = 0 to 0.5V 


2V Input on Pin 7 








Digital Shutdown Delay 





SIMPLIFIED INTERNAL CIRCUITRY 
Typical Digital Input Gate Analog Shutdown Comparator Circuit 





Internal 5 Volts 


Digital Inputs 
Pins 1,2,15,16 


To Latch 


SHUTDOWN 


The input common-mode voltage range is from ground to (VIN-3V). 
When not used both inputs should be grounded. Activate time is a func- 
tion of overdrive with a typical value of 180ns. Pin 7 serves both as a 
comparator output and as a common digital shutdown input. A high sig- 
nal here will accomplish the fastest turn off of both outputs. Note that | 
"OFF" is defined as the outputs low. Pulling shutdown low defeats the 
latch operation regardless of its status. : 


The input zener may be used to clamp input sig- 
nal voltages higher than 5V as long as the zener 
current is limited to 10mA max. External pull-up 
resistors are not required. 
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SIMPLIFIED INTERNAL CIRCUITRY (continued) 


Latch Disable 


LATCH 


The Shutdown latch is disabled when pin 3 is open. An imped- DISABLE 
ance of 4k or less from pin 3 to ground will allow a shutdown 

signal to set the latch which can then be reset by either recy- — 

cling the VIN supply or by momentarily (>200ns) raising pin 3 

high. 


Transformer Coupled Push-pull MOSFET Drive Circuit 






= UC3611 Quad Schottky 
PGND Diode Array 


Current Limiting 


UC1707 
UC2707 
UC3707 


To Shutdown 
Latch 





The Analog shutdown can give pulse-by-pulse current limiting with a reset pulse from the clock output of the UC1524. R1C1 is 
_used to filter leading edge spikes. Rae oo 
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UC1707 
UC2707 
UC3707 


APPLICATIONS (continued) 






Charge Pump Circuits 


Over-Voltage Protection 


When driven with a TTL square wave drive, the low output 
impedance of the UC1707 allows ready implementation of 
charge pump voltage converters. 


With an external reference, the shutdown comparator can be 
used for over-voltage protection. R1 and R2 set the shut- 
down level while R3 adds positive feedback for hysteresis. 





OUTPUT STAGE COUPLING 
Power MOSFET Drive Circuit 






Power Bipolar Drive Circuit 





D1, D2: UC3611 Schottky Diodes 


D1, D2: UC3611 Schottky Diodes 
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UC1707 
UC2707 
UC3707 


TRANSFORMER COUPLING 
Transformer Coupled MOSFET Drive Circuit 


D1, D2: UC3611 Schottly Diodes. 


Power MOSFET Drive Circuit Using Negative Bias Voltage and Level Shifting To Ground Reference PWM 


Drive Input 10 LF 
from PWM a 


VZ=VEE 


(VEE ) 
Negative Bias 
(-5 TO -10V) 


D1, D2: UC3611 Schottky Diodes 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 *.FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


nee UNITRODE 


Dual Non-Inverting Power Driver 


FEATURES 


3.0A Peak Current Totem Pole 
Output 


5 to 35V Operation 
25ns Rise and Fall Times 
25ns Propagation Delays 


Thermal Shutdown and Under- 
Voltage Protection 


High-Speed, Power MOSFET 
Compatible 


Efficient High Frequency Operation 
Low Cross-Conduction Current Spike 
Enable and Shutdown Functions 
Wide Input Voltage Range 

ESD Protection to 2kV 


BLOCK DIAGRAM 





UC1708 
UC3708 





DESCRIPTION 


The UC1708 family of power drivers is made with a high-speed, high- 
voltage, Schottky process to interface control functions and high-power 
switching devices — particularly power MOSFETs. Operating over a 5 to 
35 volt supply range, these devices contain two independent channels. 
The A and B inputs are compatible with TTL and CMOS logic families, 
but can withstand input voltages as high as VIN. Each output can source 
or sink up to 3A as long as power dissipation limits are not exceeded. 


Although each output can be activated independently with its own in- 
puts, they can be forced low in common through the action of either a 
digital high signal at the Shutdown terminal or by forcing the Enable ter- 
minal low. The Shutdown terminal will only force the outputs low, it will 
not effect the behavior of the rest of the device. The Enable terminal ef- 
fectively places the device in under-voltage lockout, reducing power 
consumption by as much as 90%. During under-voltage and disable (En- 
able terminal forced low) conditions, the outputs are held in a 
self-biasing, low-voltage, state. 


These devices are available in plastic 8-pin MINIDIP and 16-pin "bat- 
wing" DIP packages for operation over a 0°C to +70°C temperature 
range. For operation over a -55°C to +125°C temperature range, the de- 
vice is available in hermetically sealed 8-pin MINIDIP and 16 pin DIP 
packages. Surface mount devices are also available. 


Internal 
Bias 


10]Output B 


'9|Pwr Gnd B | 
UDG-92024 


Note: Shutdown feature available only in JE , NE or DW packages. 
12/92 
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UC1708 
UC3708 


ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS 










Supply Voltage VIN... 2... 6. ee eee ee eee 35V 
Output Current (Each Output, Source or Sink) DIL-8 (Top View) 

Steady-State. s<56ak aca boa be basis bade teweed 0.5A J Or N Package 

Peak Transient: scc2k a4 04s teas ie oa aaa 3A 
Ouput Voltage ................ hak Gate -0.3 to (VIN + 0.3)V 
Enable and Shutdown Inputs.................. -0.3 to 6.2V 
AandB Inputs ................se0000- -0.3 to (VIN + 0.3)V sags pane 
Operating Junction Temperature (Note 2)............. 150° Input Al 2 | Output A 
Storage Temperature Range................ -65° to 150°C Gndf a] re ]vin 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C 

Input BI 4 | 15 {Output B 





NOTE 1: All voltages are with respect to Logic Gnd pin. All cur- 
rents are positive into, negative out of, device terminals. 

NOTE 2: Consult Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limitations of 
packages. 


SOIC-16 (Top View) 
DW Package 


DIL-16 (Top View) 
JE or NE Package 


i6|Pwr Gnd A 


116] Pwr Gnd A 
15}Output A 


Logic Gndj{4| Logic Gnd Logic Gnd 
Logic Gnd Logic Gnd 


Shutdown] 6 | Shutdown | 6 | 


10/Output B 


'9}Pwr Gnd B 


'9]Pwr Gnd B 





Note: In JE package Pin 4 is logic ground. Pins 5, 
12, and 13 are N/C. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, Vin=10V to 35V, and these specifications apply for: 
—55°C<Ta<125°C for the UC1708 and 0°C<Ta<70°C for the UC3708. Ta = Ty. 





















[| PARAMETER ——s| SS ——SCSCSTEST'.CONDTIONS ~—__| MIN | TYP | MAX [UNITS 
VIN Supply Current Oupuslow —CidEC st | 26 | ma | 
OutputsHigh tt | ma 
Enable=OV- Ct 
Level 


< 


| mA 
| pA _| 
| 200 | pA 
100 | pA | 
|170 | 500 | pA | 
fos | 15 | mA_ 


A, B Input Current Low \VA,B = 0.4V 


) pe 

Aceccuoninowmra | «| 
Level 

Vas=O4V00—ess—“‘“‘“‘i‘i‘ id rt Cif of 

A, B Input Current High Vas=24v00—“(w””™~———S—sisdS; C200 |_| 0 

A,BinputLeakage CurrentHigh |Vas=353V0  ——ss—is—‘“‘“‘éi‘idYO (Cd 

Shutdown Input CurrentLow -|VsHuTpowN=0.4V-———s—‘“‘é‘*dLSC* CO 

ie 

Ld 


SIS /S|5 


Shutdown Input Current High VSHUTDOWN = 2.4V = 
VSHUTDOWN = 6.2V 
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3 
> 





UC1708 
UC3708 


ELECTRICAL Unless otherwise stated, Vin = 10V to 35V, and these specifications apply for: 
CHARACTERISTICS (cont.): ~55°C<Ta<125°C for the UC1708 and 0°C<Ta<70°C for the UC3708. Ta = Ty. 


VENABLE = OV 
VENABLE = 6.2V 
louT = -500mA 

Output Low Sat., VouT louT = 50mA 
louT = 500mA 














TEST CONDITIONS 








C 


aL {| Re! la 
SERRE EEE 


Thermal Shutdown 


SWITCHING CHARACTERISTICS (Figure 1) (VIN = 20V, delays measured to 10% output change.) 


PARAMETER TEST CONDITIONS | MIN. | TYP 


From A,B Input to Output: 
Rise Time Delay (TPLH) 





Cc 
< 
= 
5 


CL= OpF 


CL = 2200pF 
10% to 90% Rise (TTLH) CL = OpF 


CL = OpF 





Fall Time Delay (TPHL) 


O 
rm 
! 
_—s 
© 
© 
© 
no} 
“Tl 
~-_~ 
z 
3 
(ee) 
— 


O10 O 
~ | r 
Ris a 
© © 
oO |O © 
OC | O (o) 
UO I'S no] 
1) Tl 
om, om, 
=z z 
| | 8 
ie) G 
ed =a 


CL = 2200pF 
90% to 10% Fall (TTHL) CL = OpF 


‘@) 
e 
—. 
o 
=) 
o 
ao] 
Tn 
-~ 
z 
of 
wo 
—— 


_ ND GW 
oO or fo] 
oi 


© 
rm 

| 
8 
ro) 
o 
o 
nN 





From Shutdown Input to Output | 


| 
, 


Total Supply Current = duty cycle, both channels; CL = OpF 
F = 200kHz, 50% duty cycle, both channels; CL = 2200pF 


QO 
os 
° 
2 
fe) 
v 
S 
-~ 
z 
S 
® 
© 
— 





O .@) 
r r 
woh, 
ols | 
2 2 
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= 
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® 
w 
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O10 
© 
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O10 
mT 1 
© 
$8 
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ne] 
5 
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re 
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° 
2 
© 
oO 
=] 
—, 
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o 
w 
—— 
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OQ 
rm 
—_h, 
° 
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=) 
o 
<i 
2 
g 
® 
w 
— 

3 

> 


alo 
fe 
bs 
oi 
x1CO 
+18 
N ICU 
on} 7 
© 
PS 


mA 


NOTE 3: These parameters, specified at 1000pF, although guaranteed over recommended operating conditions, are not tested in 
production. | 
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Figure 1: AC Test Circuit and Switching Time Waveforms 


ES oy OUTPUT 
200kHz _| A ov 
tr20.5V/AS~ 

tf20.5/AS TPL 
Duty Cycle - 50% 


UDG-92026 


Figure 2: Equivalent Input Circuits 


Enable 





Shutdown 


Under 
Voltage 
Lockout 


Note: Shutdown feature available only in JE, NE or DW Packages. 


UNITRODE INTEGRATED CIRCUITS . 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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UC1708 
UC3708 








INTEGRATED 
CIRCUITS 


eee UNITRODE 


UC1709 
Dual High-Speed FET Driver 


= & UC3709 
SF 
FEATURES DESCRIPTION 


¢ 1.5 Amp Source/Sink Drive The UC1709 family of power drivers is an effective low-cost solution to the 
E problem of providing fast turn-on and off for the capacitive gates of power 

pin Compania wit 026, -roducis MOSFETs. Made with a high-speed Schottky process, these devices will 
¢ 40ns Rise and Fall into 1000 pF provide up to 1.5 amps of either source or sink current from a totem-pole 
output stage configured for minimal cross-conduction current spike. 


¢ Low Quiescent Current 

The UC1709 (3709) is pin compatible with the MMHO026 or DS0026, and 
* —5V to 40V Operation while the delay times are longer, the supply current is much less than these 
¢ Thermal Protection older devices. 


With inverting logic, these units feature complete TTL compatibility at the in- 
puts with an output stage that can swing over 30V. This design also in- 
cludes thermal shutdown protection and an under-voltage lockout circuit. 





ABSOLUTE MAXIMUM RATINGS 


N-Pkg J-Pkg 
Supply Voltage, Voc... 1... ee eee QO 6 cea cab Goud nene is Bea oe 40V 
Output Current (Source or Sink) 
Steady-State cede eee i ewe ween E00 cigs ee eeu ecru +500 mA 
P6aK: TANSICNG aie eae Sekine GAGS BOA M oti wee aie ea Ras +1.0A 
Capacitive Discharge Energy ................. 20 td. is died Su daraae Ga See ass 15 pJ 
Digital Inputs (See Note) ............... 0.0000 DOV eat aoc eee Y 5.5V 
Power Dissipation at Ta = 25°C... 1.0.0.0... 0.000008. TWEt Soe sticueu eee lee sees 1W 
Power Dissipation at Tc = 25°C... 1... eee OV dete ea Garten et tae are kee 2W 
Operating Temperature Range ............. -55°C to+125°C .. ..... -55°C to +125°C 
Storage Temperature Range............... -65°C to +150°C ......... -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) ....... BOOS sscisceais eanwbthe tues 4 300 °C 


Note: All currents are positive into, negative out of the specified terminals. Digital drive can 
exceed 5.5V if input current is limited to 10mA. Consult Packaging section of Databook 
for thermal limitations and considerations of package. 


SIMPLIFIED SCHEMATIC (Only One Driver Shown) 
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~UC1709 
UC3709 


CONNECTION DIAGRAMS 


8 PIN DIL (TOP VIEW) . ; PLCC-20, LCC-20 (TOP VIEW) . 
N or J Package Q, L Packages | 

PI 
OUTPUT A | 


5} OUTPUT B N/C 5 


GROUND : 


SOIC-16 (TOP VIEW) Ni 


eee! 
ee ae 
a eee 
DW Package | INPUTB ss | sg 
| | Ye 4oiiea SE 

NIC fs a 

ere 

| 13 


7 
1 


1 
OUTPUT B 
4 
Tes OUTRUN oa ieee 
INPUT B 
PNG CT 19 
OUTPUTA | 20 | 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the 
- UC1709 and 0°C to +70°C for the UC3709; Vcc = 20V, TA = Ty. : 


PARAMETERS | TEST CONDITIONS 
Supply Current Both Outputs High 
Both Outputs Low | 


Logic 0 Input Voltage 
Logic 1 Input Voltage 


|_InputCurent = =O 


In 
input Leakage Vi = 5V 


Output High Sat., Vec-Vo 


Output Low Sat., Vo 


Thermal Shutdown 





TYPICAL SWITCHING CHARACTERISTICS: Vcc = 20v, Ta = 25°C. Delays measured to 10% output change. 


PARAMETERS TEST CONDITIONS OUTPUT CL = 













| OnF | 22nF 
| RiseTimeDelay | tts 
10% to 90% Rise 2 Sree ee ee ee Ee 
| _FallTimeDelay | ct 80s 
| 90%to10%Fal | tts 
Vcc Cross-Conduetion OutputRise ts 
Current Spike Duration | OutputFal ts 






Note: Refer to UC1705 specifications for further information 
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UC1709 
UC3709 


APPLICATIONS 
Power Bipolar Drive Circuit 


al UC3611 Quad Schottky 
PGND Diode Array 


D1, D2: UC3611 Schottky Diodes 


Power MOSFET Drive Circuit Using Negative Bias Voltage and 
Level Shifting To Ground Referenced PWMS 


Drive Input 
from PWM 


(VEE ) 
Negative Bias 
(-5 TO -10V) 


D1, D2: UC3611 Schottky Diodes 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424 3460 
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INTEGRATED 
CIRCUITS 


= UNITRODE ~ 
High Current FET Driver 


FEATURES 
: Totem Pole Output with 6A Source/Sink 
Drive 


e 5ns Delay 

¢ 5ns Rise and Fall Time into 2.2nF 

° 5ns Rise and-Fall Time into 30nF 

°¢ 4.7V to 18V Operation 

¢ —Inverting and Non-inverting Outputs 

e Under-Voltage Lockout with Hysteresis 
¢ Thermal Shutdown Protection 

¢ MINIDIP and Power Packages 


BLOCK DIAGRAM 


— 


INV IN _ 


Logic| 7 t 
Gnd 
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UC1710 
-UC3710 





DESCRIPTION 

The UC1710 family of FET drivers is made with a high-speed Schot- 
tky process to interface between low-level control functions and very 
high-power switching devices-particularly power MOSFET’s. These 
devices accept low-current digital inputs to activate a high-current, 
totem pole output which can source or sink a minimum of 6A. 


Supply voltages for both VIN and Vc can independently range from 
4.7V to 18V. These devices also feature under-voltage lockout with 
hysteresis. 


he UC1710 is packaged in an 8-pin hermetically sealed dual in-line 
package for -55°C to +125°C operation. The UC3710 is specified for 
a temperature range of 0°C to +70°C and is available in either an 8- 
pin plastic dual in-line or a 5-pin, TO- 220 package. Surface mount 
devices are also available. 


TRUTH TABLE 


OUT= INV and N.I. 


OUT= INV or N.I. 





Internally Connected > 
In T-Package 


Output Bias | Bias 


Internally Connected 
In T-Package 


UDG-92027 
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UC1710 


UC3710 
ABSOLUTE MAXIMUM RATINGS N-Pkg J-Pkg T-Pkg 
Supply Voltage, Vin... 6... eee eee BOM sic ec ate 4 OV. canis duckie ues 20V 
Collector Supply Voltage, Vo... 0.0... cee ee eee 2OV bic iinet 2OV eo een as 20V 
Operating Voltage ........... 0. cc cee eee eens TOV oon se ees TEV asks eck twa es 18V 
Output Current (Source or Sink) 
Steady-State... ccc cc eee eee ee anes +500MA.......... +500mA......... +1A 
Digital INDUIS 66. wSlaeedlod cee Roe ae baee on -O.3V-VIN......... -0.3V-VIN........ -0.3V-VIN 
Power Dissipation at Ta=25°C.... 0.0... eee TW a 4eaciae ans WW eae oa.5 45 3W 
Power Dissipation at T (Case) = 25°C..............4.. A See eee OWN ics ote ee Space siey 8 25W 
Operating Junction Temperature............. -55°C-+150°C.......... -55°C-+150°C ... . -55°C-+150°C 
Storage Temperature.................-000- ~65°C-+150°C ......... -65°C-+150°C ... . -65°C-+150°C 
Lead Temperature (Soldering, 10 seconds) .......... 300°C ......... B00°C wttonieses 300°C 


Note 7: All currents are positive into, negative out of the specified terminal. 
Note 2: Consult Unitrode Integrated Circuits databook for information regarding thermal specifications and 
limitations of packages. 


CONNECTION DIAGRAMS 


DIL-8 MINIDIP (Top View) DIL-16 (Top View) 
J or N Package SP Package 
INV IN] 1| 8 |NI. IN N/C{1| 


Pwr Gnd| 2. Logic Gnd 


Out} 3 | 6 |NC 
ve 4 | 5 |vin 13]Logic Gnd 


5-Pin TO-220 (Top View) 
T Package 


SOIC-16 (Top View) PLCC-28 (Top View) 
DW Package nel QP Package 


H3iLogic Gnd 





ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA =- 55°C to +125°C for the 
UC1710 and Ta = 0 °C to +70°C for the UC3710; VIN = Vc = 15V, No load TA= Ty..) 


| PARAMETERS =| TESTCONDITIONS | MIN | 
| msupely Curent a, eV, Qube __}_}_25 
Vin=18V, Vo=18V, OutputHigh | | 2 

| NesupplyCurent fe, est8¥, Ouput lw 
Vin=18V, Ve=18V,Output High | S| 5.0 

| ULO Teehord ghee a a 
| 0.3 | 3 

Ee cul 

one 












UVLO Threshold Hysteresis ae 
Digital Input Low Level ll ee 






Digital Input High Level 








UC1710 


| UC3710 
ELECTRICAL (Unless otherwise stated, these specifications apply for TA =- 55°C to +1 25°C for the | 
CHARACTERISTICS (cont.) UC1710 and Ta = 0 °C to +70°C for the UC3710; VIN = Vc = 15V, No load. Ta= Tu.) 


PARAMETERS 


Digital Input Current 


Output High Sat., Vc-Vo 


Output Low Sat., Vo | 
Thermal Shutdown : 


From inv.,Input to Output (Note 3, 4): 
Rise Time Delay . 


10% to 90% Rise 


winin | 


—_ 
ol 
2) 


Fall Time Delay 


90% to 10% Fall 


leo 
| | 35 
i | 88 
|| 2 | 
a ee 
|| 85 | 
oe ee 
ae Fo 
meres 
et ee 
eae ead 
ee 


IN 
O10 


From NI. Input to Output (Note 3,4): 
Rise Time Delay 


10% to 90% Rise 


SIN [SN 
o;1o};o 


Fall Time Delay 


90% to 10% Fall 


NN 





—_ oe) iQ |® 
ah 
ol 
Oo 


Note: 3. Delay measured from 50% input change to 10% output change. — 
Note: 4. Those parameters with CL = 30nF are not tested in production. 
Note: 5. Inv. Input pulsed at 50% duty cycle with N.I. Input = 3V. or N.I. Input pulsed at 50% duty cycle with Inv. Input = OV. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


meee UNITRODE 


Dual Ultra High-Speed FET Driver 


FEATURES 
e 25ns Rise and Fall into 1000pF 


e 15ns Propagation Delay 

e 1.5A Source or Sink Output Drive 

* Operation with 5V to 35V Supply 

¢ High-Speed Schottky NPN Process 
¢ 8-PIN MINIDIP Package 


ABSOLUTE MAXIMUM RATINGS (note 1) 


Input Supply Voltage, Vcc... 1.0.2.0... 00. 40V 
Output Current (Source or Sink) 
Steady State ............ cee ee +/-500mA 
Peak Transient ............. 0.00 cee eee +/-1.5A 
Inputs 
Maximum Forced Voltage............... -0.3V to 7V 
Maximum Forced Current................. +/- 10mMA 
Power Dissipation .......... 0.0.0.0 cee ee eee 1W 
Operating Junction Temperature ..... -55°C to +150°C 


Note 1: Unless otherwise indicated, voltages are refer- 
ence to ground and currents are positive into, negative 
out of, the specified terminals. All reliability information 
for this device has been gathered at an ambient air tem- 
perature of 125°C, and a supply voltage of 25V. 

Note 2: Consult Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limita- 
tions of packages. 


BLOCK DIAGRAM 


UDG-92028 
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UC1711 
UC3711 






22 
4=F 
DESCRIPTION 


The UC1711 family of FET drivers are made with an all-NPN 
Schottky process in order to optimize switching speed, tem- 
perature stability, and radiation resistance. The cost for these 
benefits is a quiescent supply current which varies with both 
output state and supply voltage. For lower power require- 
ments, refer to the the UC1709 family which is both pin 
compatible with, and functionally equivalent to the UC1711. 


These devices implement inverting logic with TTL compatible 
inputs, and output stages which will either source, or sink in 
excess of 1.5A of load current with minimal cross-conduction 
charge. Due to their monolithic construction, the channels are 


-well matched and can be paralleled for doubled output current 


Capability. 


CONNECTION DIAGRAMS 


DIL-8 (Top View) 
J or N Package 


N/C[ 1] 
AIN(-)} 2 | 
Gnd} 3 | 
Bin(-)[4) 


DIL-16 (Top View) 
JEor NE Package N/C{1:| 


PLCC-20 (Top View) 
QP Package 


| FUNCTION _|_—~PIN_| 
LNCS 
ly. | eee Dee aes 
| NG 3-5 
| GND | 6 
| BN | 0 
| Bout | 14 
aa Te ee 
| NG | 7 
| AOut 


-9 
10 
14 
15 
16 
17 
A Out 
19 
20 


8 14 
9 10 11 12 13 





| 16 
ee oa 
| NG CT 9 
| NGC 20 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated specifications hold for Ta = 0 to 70°C for the UC3711, and 
: Ta = -55 to 125°C for the UC1711, Vcc = 15V. Ta =Ty. : 














PARAMETER MIN | TyP | MAX [UNITS 
Input Supply | 
Supply Current (Note 3) Both inputs = OV; Vcc = 15V TT aa [15 [ma | 
3 Both inputs = 5V; Vcc = 15V | = | 20 | 27 | ma 
Both inputs = OV; Vcc = 35V | st 15 | 20 «| ma | 
Both inputs=6V;Vec=35v_ | tt | 56 | ma 


Logic Inputs | |  . 
Logic 0 Input Voltage 7 eee: 
Logic | Input Voltage ea eee ee 


| 22 
| Ves 
bead 


Output Stages 
| 


0 


—_h, 
ou 











Rise Time Delay, TPLH 


> 
” 


3 3 | 
> |> a 


> 
” 


Fall Time Delay, TPHL 


© 
o 
> 
o 
ul 
nN 
nN 
° 
=) 
So 
nl 
Ce 
_ nN N/M 
s{a[s[alelealals 


Rise Time, TLH 
Fall Time, THL CLOAD = 0, (Note 5 





. CLOAD = 1000pF, (Note 5) 


CLOAD = 2200pF 
Freq = 200kHz, 50% Duty-cycle 





Total Supply Current 
Both Channels Switching 





_ no | — 
<°) = 





CLOAD = 2200pF 


Note 3: Supply currents at other input supply votages can be calculated by extrapolating the 15V and 35V supply currents. The im- 
pedance of the chip at the Vcc pin is linear for supply voltages from 8V to 35V, the approximate value of this impedance is 4.3k for 
both inputs low, 0.94k for both inputs high, and 1.54k for one input high and one low. 


Note 4: Switching test conditions are, Vcc = 15V, Input voltage waveform levels are OV and 5V, with transition times of <3ns. The 
timing terms are defined as : TPHL Propagation delay 50% Vin to 90% VouT; TPLH Propogation delay 50% VIN to 10% VouT; THL 
90% VouT to 10% VouT; TLH 10% VouT to 90% VouT. 


Note 5: This specification not tested in production.Unless otherwise stated specifications hold for TA = 0 to 70°C for the UC3711, 
and TA = -55 to 125°C for the UC1711, Vcc = 15V. TA = Ty. 


UNITRODE INTEGRATED CIRCUITS 
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Isolated Drive Transmitter 


FEATURES 
e 500mA Output Drive, Source or Sink 


¢ 8 to 35V Operation 

¢ Transmits Logic Signal Instantly 

e Programmable Operating Frequency 
e Under-Voltage Lockout 


e Able To Pass DC Information Across 
Transformer 


¢ Up To 600kHz Operation 


Bias Gen. & 
Under Voltage 
Lockout 


Note: Pin numbers refer to DIL-8 packages. 


5/93 


= Gi, UC1724 
A UC2724 
ES UC3724 


gus 





DESCRIPTION 


The UC1724 family of Isolated Drive Transmitters, along with the 
UC1725 Isolated Drivers, provide a unique solution to driving isolated 
power MOSFET gates. They are particularly suited to drive the high- 
side devices on a high-voltage H-bridge. The UC1724 devices trans- 
mit drive logic, and drive power, to the isolated gate circuit using a 
low cost pulse transformer. 


This drive system utilizes a duty-cycle modulation technique that 
gives instantaneous response to the drive control transistions, and re- 
liably passes steady-state, or DC, conditions. High frequency opera- 
tion, up to 6GO00kHz, allows the cost and size of the coupling 
transformer to be minimized. 


These devices will operate over an 8 to 35 Volt supply range. The 
dual high current totem pole outputs are disabled by an uder-voltage 
lockout circuit to prevent spurious responses during startup or low 
voltage conditions. 


These devices are available in 8-pin plastic or ceramic dual-inline 
packages, as well as surface mount packages. 


UDG-92037 
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UC1724 


UC2724 
: te UC3724 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage VIN... 6... ccc eee eee eee 40V 
Source/Sink Current (Pulsed) ................0 000000 1A DIL-8 (Top View) 
Source/Sink Current (Continuous).................. 0.5A J Or N Package 
Ouput Voltage (Pins 4,6)............... -0.3 to (VIN +0.3)V 
PHi, Rt, and Cr inputs (Pins 1, 7, and 8).......... -0.3to 6V 
Operating Junction Temperature (Note 2)............ 150°C cr[1| raIRT 
Storage Temperature Range............... -65°C to 150°C 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C Gnd [2/ PHI 
Note 1: All voltages are with respect to GND (Pin 2); all cur- Vec|3. [6{A Out 


rents are positive into, negative out of part. 

Note 2: Consult Unitrode Integrated Circuit Databook for ther- 
mal limitations and considerations of package. 

Note 3: Pin numbers refer to DIL-8 packages. 


B Out! 4) '5}Pwr Gnd 


SOIC-16 (Top View) 


PLCC-20 (Top View) 
DW Package | PIN 


Q Package FUNCTION 


8 14 
9 10 11 12 13 


| Gnd | 20 





RECOMMENDED OPERATION CONDITIONS (Note 4) 


INDUTN OUAG Go rec h bae dius oe eenh a heen nega Whee oh ree oe eae beets +9V to +35V 
Sink/Source Load Current (each output)... 0... cc eee eee eee ete nenes 0 to 500mA 
TIMING ROSISION 0% oes tcen ces eudee ne ede eee Oe AROS KAR GRE EROS 5G Re Cae ween Gas 2kQ to 10kQ 
TIMING Capactor:s 2.020% 2.5 pee au see dtadica eb aiee § ee er oh aces htin eee Ce Ow oo sees 300pF to 3nF 
Operating Temperature Range (UC1724)......... Kapaa Wel c ¥ Sipser aa arasiae ae aay -55°C<TA<125°C 
Operating Temperature Range (UC3724) ..... 0.0.0... ec cee eect ee teen ne enes 0°C<Ta<70°C 


Note 4: Range over which the device is functional and parameter limits are guaranteed. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, Vcc = 20V, RT = 4.3kQ, CT = 1000pF, no load on any 
output and these specifications apply for: -55°C<Ta<125°C for the UC1724, 


—25°C<Ta<85°C for the UC2724,and 0°C<Ta<70°C for the UC3724. Ta=Ty. 


| PARAMETER |S TESTCONDITIONS | MIN | TP | Max [UNITS| 
|Under-Voltage Lockout 
Vin Rising [el Cree VS 
jo4 | 10 | 15 | Vv | 


Operating Frequenc 200 
Minimum Pulse Width RT=2kCT=300pF 
| Operating Frequency RT = 2k CT-=300pF Lioap=14mH | 500 
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UC1724 
UC2724 
UC3724 


ELECTRICAL Unless otherwise stated, Vcc = 20V, RT = 4.3kQ, CT = 1000pF, no load on any output and 
CHARACTERISTICS (cont.) these specifications apply for: —55°C<Ta<125°C for the UC1724, -25°C<Ta<85°C for the 
UC2724,and 0°C<Ta<70°C for the UC3724. Ta=Ty. 


PARAMETER | TESTCONDITIONS | MIN | TYP | MAX [UNITS| 


Phi Input (Control Input) 
HIGH Input Voltage 
LOW Input Voltage 














ete eae eee Oe 

ey Meee ee ee 

HIGH Input Current 220 | 130 | | ma | 

LOW Input Current Vu=+04v 00 | 300 | 

Delay to One-Shot eee Baw A ce OOO 

| DelaytoOutput 280 Ys 
Output Drivers 

Output Low Level tswk=500mA_ | oe | 

IsINK = 250mA aa eee ae 

Output High Level (Volts Below Vcc) ISOURCE = 250 mA | | 456 | a4 J ve 

ISOURGE = 250 mA 

| 90 | ns _| 


e 
Oo 





Rise/Fall Time No load 
Total Supply Current 


Supply Current CT =1.4V 





B 
> 





Typical Application 


High Voitage 
3 | Rail 
Blas Gen. & 
Under Voltage To Rest of Chip 
Lockout 


Hysteresis 
Comparator 


One-Shot 
11 
= ; 
Detect 
i ake S | 


TTL Input 


Signal i Simian Geiomenaaneaen 


Output 


To Power 
UC3724 UC3725 Gnd 


UDG-92038 
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Isolated High Side FET Driver 


FEATURES DESCRIPTION : | 
¢ Receives Both Power and Signal Across The UC1725 and its companion chip, the UC1724, provide all the nec- 
the Isolation Boundary essary features to drive an isolated MOSFET transistor from a TTL in- 


© 9to 15 Volt Hi gh Level Gate Drive put signal. A unique modulation scheme is used to transmit both power 
and signals across an isolation boundary with a minimum of external 
e Under-voltage Lockout components. | 


¢ Programmable Over-current Shutdown Protection circuitry, including under-voltage lockout, over-current shut- 
and Restart _ down, and gate voltage clamping provide fault protection for the MOS- 
| FET. High level gate drive is guaranteed to be greater than 9 volts and 


* Output Ghable Function less than 15 volts under all conditions. 


Uses include isolated off-line full bridge and half bridge drives for driv- 
ing motors, switches, and any other load requiring full electrical isola- 
tion. oe 


The UC1725 is characterized for operation over the full military tem- 
perature range of -55°C to +125°C while the UC2725 and UC3725 are 
characterized for -25°C to +85°C and 0°C to +70°C respectively. 


BLOCK DIAGRAM 


Hysteresis 
Comparator 
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UC1725 


UC2725 
UC3725 
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS 
Supply Voltage (pin 3) .... 0... 0. ccc eee ee 30V 
Power inputs (pins 7 & 8)......... 0... cece eee ees 30V PLCC-20 (Top View) 
Output current, source or sink (pin 2) Q Package 
DC nce Chane he ae ewe were eee Sen bnt ee ae: 0.5A 
PUISG (0,5 US) 4.6 caawda vo eeen elon a wae eased ees 2.0A 
Enable and Current limit inputs (pins 4&6) ....... -0.3 to 6V 
Power Dissipation at TA s 25°C (DIL-8)................ 1W 
Power Dissipation at TA s 25°C (SO-14) ............ 725mW 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C 


Note 1: Unless otherwise indicated, voltages are referenced to 
ground and currents are positive into, negative out of, the speci- 
fied terminals (pin numbers refer to DIL-8 package). 

Note 2: See Unitrode Integrated Circuits databook for 
information regarding thermal specifications and limitations of 
packages. 


8 14 
9 10 11 12 13 


DIL-8 (Top View) 
J Or N Package 


SOIC-16 (Top View) 
DW Package 


DIL-16 (Top View) 
JE Or NE Package 


Gnd| 1| |8jinput B 


Output 2 | Input A 


vec] 3, 16 | Enable 
ISENSE 4 | 5 | Timing 





ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for -55°CsTas+125°C for 
UC1725; -25°CsTAs+85°C for UC2725; 0°CsTas+70°C for UC3725; Vcc (pin 3) = 


0 to 15V, RT=10k, Ct=2.2nf, TA =Tu, pin numbers refer to DIL-8 package.) 


MIN | TYP | MAX JUNITS| 
POWER INPUT SECTION (PINS 7 & 8) 
Forward Diode Drop, Schottky Rectifier  [IF=50ma_— CT | | | 
ip=500ma— CE lt lt 
CURRENT LIMIT SECTION (PIN 4) | | 
| Thresholdvoltage | ——“‘CSCSCS 


Delay to outputs 
TIMING SECTION 
Output Off Time 


|_LowerMonoThreshold | 
| Input Open Circuit Voltage Inputs (pins 7 & 8), Open Circuited, Ta= 25°C _| 7.0 | Voci2| 80 | V_ 

































Input Impedance TA = 25°C | 93 | 
J Hysteresis dS 
Delay to Outputs VPIN7 - VPIN8 = Vcc + 1V ys 
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UC1725 
UC2725 
UC3725 


ELECTRICAL - (Unless otherwise stated, these specifications apply for -55°CsTas+1 25°C for UC1 725; 
CHARACTERISTICS (cont.) -25°CsTAs+85°C for UC2725; 0°CsTAas+70°C for UC3725; Vcc (pin 3) = 0 to 15V, Rt=10k, 
: tre : Cr=2.2nf, TA =Ty, pin numbers refer to DIL-8 package.) 


=. PARAMETER TEST CONDITIONS [MIN | TYP | MAX [UNITS 
ENABLE SECTION (PIN 6) 







| High LevelinputVoitage | tt tw | 
| LowLevelinputvottage | ta | 
| inputBiasCurrent | 250 | 500 | A 


OUTPUT SECTION 
Output Low Level louT = 20mA ee 0.35 | 05 | 
lout = 200mA_ a a 






Output High Level Fd 
Lee ae ae 
ee | 1s |v 

a 








[UVLO Low Saturation ————*(iROmA, Vos = BV | | os | 15 | vv | 
snaps a ie Pe 0 
| Threshold Hysteresis | dt | 8 | 8.12 


TOTAL STANDBY CURRENT 
Supply Current ee 


APPLICATION AND OPERATION INFORMATION | | | 
INPUTS: Figure 1 shows the rectification and detection | addadamping resistor across the transformer secondary 
scheme used in the UC1725 to derive both power and ___to minimize ringing and eliminate false triggering of the 
signal information from the input waveform. Vcc is gener- _ hysteresis amplifier as shown in Figure 3. 

ated by peak detecting the input signal via the internal ae 

bridge rectifier and storing on a small external capacitor, 
C1. Note that this capacitor is also used to bypass high 
pulse currents in the output stage, and therefore should 
be placed direclty between pins 1 and 3 using minimal 
lead lengths. 





Hysteresis 
Comparator 


Vh-2*°Vcc 





FIGURE 1 - Input Stage 


Signal detection is performed by the internal hysteresis 





comparator which senses the _ polarity of the input signal Output Pulsing Caused By 

as shown in Figure 2. This is accomplished by setting | Transformer Ringing gates 
(resetting) the comparator only if the input signal ex- 

ceeds Vcc (-Vcc). In some cases it may be necessary to FIGURE 3 - Signal Detection 
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RSENSE 


Load 


UDG-92050 





FIGURE 4 - Current Limit 


CURRENT LIMIT AND TIMING: Current sensing and 
shutdown can be implemented directly at the output us- 
ing the scheme shown in Figure 4. Alternatively, a current 
transformer can be used in place of RSENSE. A small RC 
filter in series with the input (pin 4) is generally needed to 
eliminate the leading edge current spike caused by 
parasitic circuit capacitances being charged during turn 
on. Due to the speed of the current sense circuit, it is 
very important to ground Cr directly to Gnd as shown to 
eliminate false triggering of the one shot caused by 
ground drops. 


One shot timing is easily programmed using an external 


Output 


UDG-92052 


FIGURE 5 - Output Circuit 
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UC1725 
UC2725 
UC3725 


capacitor and resistor as shown in Figure 4. This, in turn, 

controls the output off time according to the formula: 
TOFF= 1.28° RC. 

If current limit feature is not required, simply ground pin 4 

and leave pin 5 open. 


OUTPUT: Gate drive to the power FET is provided by a 
totem pole output stage capable of sourcing and sinking 
currents in excess of 1 amp. The undervoltage lockout 
circuit guarantees that the high level output will never be 
less than 9 volts. In addition, during undervoltage lock- 
out, the output stage will actively sink current to eliminate 
the need for an external gate to source resistor. High 
level output is also clamped to 15 volts. Under high ca- 
pacitive loading however, the output may overshoot 2 to 
3 volts, due to the drivers’ inabitlity to switch from full to 
zero output current instantaneously. In a practical circuit 
this is not normally a concern. A few ohms of series gate 
resistance is normally required to prevent parasitic oscil- 
lations, and will also eliminate overshoot at the gate. 


ENABLE: An enable pin is provided as a fast, digital in- 
put that can be used in a number of applications to di- 
rectly switch the output. Figure 6 shows a simple means 
of providing a fast, high voltage translation by using a 
small signal, high voltage transistor in a cascode configu- 
ration. Note that the UC1725 is still used to provide 
power, drive and protection Circuitry for the power FET. 


TTL 
Driver UDG-92053 
FIGURE 6 - Using Enable Pin as a High Speed Input 
Path 
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Isolated Drive Transmitter 


FEATURES 


750mA Output Drive, Source or Sink 
8 to 35V Operation 


‘Transmits Logic Signal Instantly 


Programmable Operating Frequency 


Able To Pass DC Information Across 
Transformer 


Up To 750kHz Operation 


Improved Output Control Algorithm 
Minimizes Output Jitter 


Fault Logic Monitors Isolated Driver IC 
(UC1727) for Faults : 


User Programmable Fault Timing 
Screens False Fault Signals 


Shutdown Mode Disables On Chip 
Logic Reference for Low Standby 
Power 


- Optional External Biasing of Logic 


Circuitry Can Reduce Overall Power 
Dissipation 


BLOCK DIAGRAM 


Vcc fio] 


Ve {9 


SHTDWN [8: 


RETRIGGERABLE 
ONE-SHOT 


FRESET [1] 


FLATCH [16 





UC1726 
UC2726 
UC3726 
PRELIMINARY 


DESCRIPTION 


The UC1726 family of Isolated Drive Transmitters, along with the UC1727 
Isolated Drivers, provide a unique solution to driving isolated power IGBTs. 
They are particularly suited to drive the high-side devices ona high-voltage 
H-bridge. The UC1726 device transmits the drive logic and drive power, 
along with transferring and receiving fault information with the isolated gate 
Circuit using a low cost pulse transformer. 


This drive system utilizes a duty-cycle modulation technique that gives 
instantaneous response to the drive control transitions, and reliably passes 
steady-state, or DC conditions. High frequency operation, up to 750kHz, 
allows the cost and size of the coupling transformer to be minimized. 


The IC can be powered from a sole Vcc supply which internally generates 
a voltage reference for the logic circuitry. It can be placed into a low power, 
shutdown mode that will disable the internal reference. The !C’s logic 
circuitry can be powered from an external supply to minimize overall power 
dissipation. The fault logic monitors the Isolated Driver IC (UC1727) for 
faults. Based on user defined timing, the IC distinguishes valid faults which 
it responds to by setting the fault latch pin. This will also disable the gate 
drive information until the fault reset pin is toggled to a logic one. 


These devices will operate over an 8 to 35 volt supply range. The typical 
Vcc voltage will be above 28 volts to be compatible with the UC 1727. The 
under voltage lock out circuitry of the Isolated Driver IC (UC1727) will 
effectively lock out the drive information during its under voltage lockout. 


fa] OUTPUT A 


B 
a 


GND 
[2] FAULT 
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CONNECTION DIAGRAMS 


DIL-16, 18 J, 28 DWP (TOP VIEWS) 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vee occ ceecceeseesesssssnenessssnsstutesseeereneesesesveneeeeee 40V 
Source/Sink Current (Pulsed) .............ceccsesceecesessntecesesseeeeens 1.5A 
Source/Sink Current (CONtiNUOUS) ......... cece ce cee cece eeeeees 1.0A 
Output Voltage (pins 12, 14)... eeeceeees -0.3 to (Vec+0.3)V 
Cr, Freset, FAULT, SHTDWN, 

UATOU Wace EH Pyle eketateat Went barred shee reenceueeratess -0.3 to 6.0V 
CT ss otins cia date Sadat enspaac ae hae Neat Moots iain acne) Gaia tats 1.0 to 6.0V 
Operating Junction Temperature (Note 2) .............ccccseeee 150°C 
Storage Temperature Rang@..............cccssssseceeees -65°C to 150°C 
lead Temperature (Soldering, 10 Seconds) ..................05 300°C 


Note 1: All voltages are with respect to GND (Pin 2); all currents 
are positive into, negative out of part. 


PIN DESCRIPTIONS 


FRESET: The input to the fault logic that resets the fault logic 
latch (FLATCH) and enables drive transmit data. This input 
should be powered up low and stay low until after the fault 
latch has been set. 


FAULT: This input to the fault logic initiates the user 
programmable timer. This time interval specified by the 
capacitor on CF determines the validity of the fault. The pin 
is tied to a low cost opto-coupler, and is high until the 
UC1727 powers up, and drives it low indicating proper 
power-up. The UC1726 sends drive information from the 
PHI pin through the transformer while the FAULT pin stays 
low. Once this pin goes high, it must stay high during the 
entire fault window to be accepted as a valid fault. A valid 
fault sets the FLATCH pin high and prevents the transmitting 
of gate drive information until the FRESET is toggled high. 


Cr: The timing input to the fault logic. A capacitor is placed 
across the input of Cr and ground. The timing window is 
roughly determined by t= Cr * Rt * 2.1. 


UC1726 
UC2726 
UC3726 





RECOMMENDED OPERATING CONDITIONS (Note 3) 


INDUT VONAGC iiassnceeh ace peasicd en edd ae leas a encans +9 to +35.0V 
Sink/Source Current (each output)... eee 0 to 750mA 
TIMING: RESISION 6s sisecois 5s erates eaxetaeatdedenaustaesesnens 2.4k to 200kOhm 
Timing Capacitor (CT) ..........ccccccsssccecsesseecstsssneeseess 75pF to 2.0nF 
Timing Capacitor (CF) ........ccccccesessssssstsrseessessesseerece 75pF to 3.0nF 


Note 2: See Unitrode Integrated Circuits databook for information. 
regarding thermal specifications and limitations of 
packages. 

Note 3: Range over which the device Is functional and 
parameter limits are guaranteed. 


GND: The signal and power ground for the device. The 
power ground of the output transistor is isolated on the chip 
fromthe substrate ground used to bias the remainder of the 
device. 


Cr: The input of the timing capacitor that controls the 
operating frequency. A capacitor to ground is repetitively: 
charged during the one shot pulse width. It is discharged 
when a comparator senses zero current in the primary side 
of the transformer. The one shot pulse width is conse- 
quently determined by the time it takes to charge the 
capacitorto a threshold voltage of VL/2. This pinis intended 
to be tied to a capacitor: 


Rt: The input that sets the Ct and Cr capacitor currents with 
aresistor to ground. The voltage on RT is approximately VL" 
(0.3V). The resulting charge currents are: ICT = ICF = VL/(4 
* RT). 
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SHTDWN: This input shuts down the internal reference. A 
TTL logic one voltage will put the IC into a low standby 
current mode. This input has a pull down resistor onthe chip 
to guarantee proper operation when left open. If an external 
logic voltage is applied to VL, this shutdown feature cannot 
be used without bringing the external voltage source to zero 
volts. 


V_: The logic supply pin that biases all circuits except forthe 
totem pole outputs. Abypass capacitor is recommendedon 
this pin when left unconnected. The internal reference is 
approximately 4.4V. A5.0V supply can be applied to this pin 
to assure minimum power dissipation. When an external 
supply higher than the VL voltage is applied to this pin, the 
internal reference turns off. 


Vcc: The input voltage that biases the outputs and the 
internal reference. It can vary between 8V to 35V. This 
supply pin will typically be above 28V to be compatible with 
the 1727 application. 


OUTB: One output of the two totem pole outputs connected 
across the transformer primary winding. When PHI is high, 


UC1726 
UC2726 
UC3726 


the output will toggle between Vcc-1.5V during the oneshot 
charge time and approximately Vcc*.6 during the rest of the 
period. When PHI is low the output will toggle between 0.3V 
during the oneshot charge time and approximately Vcc+0.4V 
during the remainder of the period. 


OUTA: One output of the two totem pole outputs connected 
across the transformer primary winding. When PHI is high, 
the output will toggle between 0.3V during the oneshot 
charge time and approximately Vcc+0.4 during the rest of 
the period. When PHI is low the output will toggle between 
Vcc-1.5V during the oneshot charge time and approxi- 
mately Vcc*.6 during the remainder of the period. 


PHI: A logic control input to the isolated gate driver that 
changes the outputs as described above. This will change 
the duty-cycle of the voltage wave form applied across the 
transformer. The isolated drive IC (UC 1727) will sense the 
different duty-cycles as different drive commands. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, Vec=20V, Rt=4.32kQ, Cr=330pF and Cr=2.2nF, no 
load on any output, and -55°C<Ta <125°C for the UC1726, -25°C<Ta<85°C for the 
UC2726 and 0°C<Ta<70°C for the UC3726, Ta = Ty. j 









PARAMETER | 





Initial Accuracy = 25°C 
Temperature Stabilit 
Voltage Stabili 


Operating Frequency 


O 


LioaD = 1.5mH 


HIGH Input Voltage . 
LOW Input Voltage 

HIGH Input Current 

LOW Input Current 
Delay to One-Shot 

Delay to Cutput 


Cr= 1.4V 





Output Low Level 


Oo 
Cc 
—j 
vU 
Cc 
=] 
12) 
wv 
< 
m 
a 
” 


Output High Level - 
(volts below Vcc) 


~ Rise/Fall Time a 


Logic Supply Current Vi = 4.75V to 5.25V 


TEST CONDITIONS 


RETRIGGERABLE ONE-SHOT 


| 
Vcc = 10 to 35V 


PHI INPUT (CONTROL INPUT 


isms 50mA 
lonee 750A 
source =50mA 
source =750mA 
Nokad 
. 


ane | wax [ows 


toio | | 1.990 | psec 
a ra _%N 
|| 200 kHz 


2.0 










4 
12.0 


i 
(ee) 
co) 
at 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, Vec=20V, Rt=4.32kOhm, Cr=330pF and Cr=2.2nF, no 
load on any output, and -55°C<Ta<125°C for the UC1726, -25°C<Ta<85°C for the 
UC2726 and 0°C<Ta<70°C for the UC3726, Ta = Ty. 


SHUT DOWN CIRCUIT 
Logic Voltage-Off 
High Input Current 
Low Input Current 

FAULT LOGIC 


High Input Current IH 
L 


VIH = 2.4 
ViH = 2.4 
= 0.4 


= 
E 





on 





= 
> 





se 
ro) 


5 
Fault High Inpat Current E 
Fault Low Input Curent 


Supply Current Cr = 1.4V, Shutdown = 5.0V 
in Fak PU [Gre Sa09F | 
fax Faut Pls ae 
Fa ach, Vo wt 
Faun Lach Vo a Ca 

| 7 0.3 


Fault Latch, Vou LOAD = 0, Volts Below VL 
Fault Late, Vou kas SSCS 


ND 


0. 


—| 
Oo 
| 
> 
rm 
” 
Cc 
"U 
U 
r- 
< 
Q 
=a 
mS) 
at] 
m 
= 
— 





1 


oO 


ae 

oO 
re =] SS] co] rw 
oO Wl oOo] OC] 


3 


| 3 


Supply Current Cr = 1.4V, VL = 5.0V 


OPERATING FREQUENCY: 


The chip operating frequency is determined by both the Rt and Cr pins. A resistor between Rt and ground will set the 
charge current to ICT = VL/(Rt*4). The operating frequency varies slightly depending on the Vcc and VL voltages. The 
following two equations are for Vcc = 20V. 





Vi = Internal Reference (4.4V) 
Fo = 14Rr * Cr * (2.959) + 0.83 x 10°) 
Vi = External Reference (5V) 


Fo = 1(Rr * Cr * (2.700) + 0.46 x 10°) 
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TYPICAL APPLICATION 


isolated IGBT Driver Pair 
Vc 
io 


OUTPUT B 


PWR 
DSAT+ | 


Drive Transmitter isolated Gate Driver 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. - MERRIMACK, NH 03054 
TEL. (603) 424-2410 -FAX (603) 424-3460 
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INTEGRATED 
CIRCUITS 


mee UNITRODE 


lsolated High Side IGBT Driver 


FEATURES 


Receives Power and Signal from Single 
Isolation Transformer 


Generates Split Rail for 4A Peak Bipolar 
Gate Drive 


16V High Level Gate Drive 


Low Level Gate Drive more Negative 
than -5V 


Under Voltage Lockout 


Desaturation Detection and Fault 
Processing 


Separate Output Enable Input 


Programmable Stepped Gate Drive for 
Soft Turn On 


Programmable Stepped Gate Drive for 
Soft Fault 


BLOCK DIAGRAM 
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PRELIMINARY 


DESCRIPTION 

The UC1727 and its companion chip, the UC1726, provide all the 
necessary features to drive an isolated IGBT transistor from a TTL in- 
put signal. A unique modulation scheme is used to transmit both 
power and signal across an isolation boundary with a minimum of ex- 
ternal components. 


Protection features include under voltage lockout and desaturation 
detection. High level gate drive signals are guaranteed to be 16V. In- 
termediate high drive levels can be programmed for various periods of 
time to limit Surge current at turn on and in the event of desaturation 
due to short circuit. 


The chip generates a bipolar supply so that the gate can be driven to 
a negative voltage to insure the IGBT remains off in the presence of 
high common mode slew rates. 


Uses include isolated off-line full bridge and half bridge drives for mo- 
tors, switches, and any other load requiring full electrical isolation. 


BIAS AND 
REFERENCE 
GENERATOR 
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UC1727 


| UC2727 

ABSOLUTE MAXIMUM RATINGS _— UC3727 
Supply voltage (VCC - VEE)... 0... ccc te eee ete eet enes 40V 
Power Inputs (JA- Bl)... cece eee ene teenies 45V 
Analog Input Voltage (ENBL, CLAMP).................. -0.3 To Vec+0.3 
Analog Input Voltage (DSAT+, DSAT-) ..............4. VEE-0.3 to Vec+0.3 
Analog Input Current (DSAT+, DSAT-) ........ 0... ce eee eee -10 to 10mA 

Output Current, | (OUT) | 

DG ese: pute am ante dl eae aa aos aoe a Cyan es agen ees 0.8A 
* Pulse (05S) sce ce canara oes aaa ocnseAa couseentan Aart na eenway 2 4A 


FRPLY Output Current...... Be gadtedsce ite ocala Wat dsl bined nate tead dhasacacn iene 30mA 
Note: All voltages are with respect to COM. Currents are wi 
positive into the specified terminal. 


CONNECTION DIAGRAMS» 


DIL-16 (Top View) 18 Pin Sidebrazed 
N or J Package Ceramic Package 


Tac 
FRC 
FRPLY 


VEE 


VEE 


PLCC-28 (Top View) PACKAGE PIN FUNCTION LCC-28 (TOP VIEW) 
QP Package FUNCTION 


perenee 
N/C 
VEE 


[C 
EE 


O 
CLAMP 


[i ees I ae 
pA 8 
Wee. = oe 9 
| Pec | 10 
SOUT ea! 


OUT 11 
12-13 


Cc 
PVcc 


QO 


<|> OQ z <|Z 
= 
— —_ | oe) 


O 
ce 
aia 





PVEE 

DSAT+ 
DSAT- . 
ENBL 


| il 


za a za 
B ms 
“I/O © |N> |— 


TRC 


FRPLY 
N/C 


N/C 
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PIN FUNCTIONS 


A & B: Signal and power input pins. Connect these pins 
to the secondary of the transformer driven by UC1726. 


CLAMP: Analog Programming pin for intermediate drive 
level to be used at turn on or in response to a desatura- 
tion event. Requires a bypass capacitor to COM. 


COM: Self generated common for bipolar supply. This 
pin will be 16.5V below Vcc. 


DESAT+ & DESAT-: Inputs to the desaturation compara- 
tor. Desaturation is detected when DESAT+> DESAT-. 


ENBL: Negative-true enable input. Tie to Vcc to disable 
the chip. Short to COM to enable the Chip. If the ENBL 
pin is to be used as the primary input to the chip, short A 
to Vcc and B to VEE. 





FRC: Fault Resistor and Capacitor. Programs the dura- 
tion that OUT will be held at CLAMP potential during a de- 


saturation event before it is driven fully low. Also sets the - 


period of time that OUT will be held low before allowing it 
to be driven high again. 


UC1727 
UC2727 
UC3727 


FRPLY: Fault Reply pin. Open collector output. Nor- 
mally shorted to COM. When desaturation is detected, 
the pin will open. 


OUT: Gate drive output. Connect to gate of IGBT with a 
damping resistor >3 ohms. 


TRC: Timing Resistor and Capacitor. Programs the du- 
ration that OUT will be held at CLAMP potential and the 
period of time the desaturation comparator will be ignored 
during the rising edge. | 


Vcc: Positive supply voltage. Bypass to COM. 
VEE: Negative supply voltage. Bypass to COM. 


PVEE: Output driver negative supply. Connect to VEE with 
2.2 ohms and bypass to COM. 


PVcc: Output driver positive supply. Connect to Vcc with 
2.2 ohms and bypass to COM. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0 to 70°C for the 
UC3727, TA = -25 to 85°C for the UC2727, TA = -55 to 125°C for the UC1727, 
R(TRC) = 54.9k, C(CTC) = 180pF, R(FRC) = 309K, C(FRC) = 200pF, Vcc - VEE = 
25V, CLAMP = 9V, TA = Ty, and all voltages are measured with respect to COM. 











Vec 









(OUT) = -500mA 


- PARAMETER TEST CONDITIONS | MIN | TYP | MAX [UNITS | 
POWER INPUT RECEIVERS 


| Forward DiodeDrop iF =50MA | os | 
pte 00mA  te | e 


VCC REGULATOR 


25 < (Vcc - VEE) s 36V,|1(COM)| < 15mA 


HYSTERESIS COMPARATOR 


| Input Open Circuit Voltage [(MeasuredwithrespecttoVee) | S| 125 | || 
|_Inputimpedance | 80 | 100 | 180 | kr _| 
[AVOUT 6 oe es I i es es | OV 
| HighLevelinputVotage | ae 
| LowLevelinputVotage | 
| InputBiasCurrent SS ENBL=COM 460 | 900 |_| 


OUTPUT DRIVER 
(OUT) = -20mA 






| 15.5 | 165 | 175] Vv | 






1.7 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C_ to 70°C for the 
UC3727, TA = -25 to 85°C for the UC2727, TA = -55 to 125°C for the UC1727, 
R(TRC) = 54.9k, C(CTC) = 180pF, R(FRC) = 309K, C(FRC) = 200pF, Vcc - VEE = 
_ 25V, CLAMP = OV, TA = Ty, and all voltages are measured with respect to COM. 


PARAMETER TEST CONDITIONS | TYP 
TURN ON SEQUENCE TIMER | | 






























| ClampedDriverTime | 8 | 
| BlankingTime Pd Ll 
FAULT MANAGER Les 

| ClampedDriverTime | os | | 
| FaultlockOfftime | | 85 | 
| FRPLY Saturation M(FRPLY)=10mA_ | 
| FRPLYLeakage 0 FRPLY=Veo ET ft | 
_o | 20 | mv | 
| | | -15 | 10 | pA | 
| 





UNDER VOLTAGE LOCK OUT 


Vcc Threshold 


VEE Threshold | ee 
VeE Hysteresis lee es Se ee | 05 | 08 


THERMAL SHUTDOWN 

















75 | | Cc 
| Hysteresis Not tested | 45 | | c | 






TOTAL STANDBY CURRENT 


APPLICATION INFORMATION 


Figure 1 shows the rectification and detection scheme 
used in the UC1727 to derive both power and signal infor- 
mation from the input waveform. VCC-VEE is generated SIGNAL 

by peak detecting the input signal via the internal bridge if Bee ae 
rectifier and storing on external capacitors. COM is gen- 

erated by an internal amplifier that strives to maintain 
Vcc-Com = 16.5V. It is important to select Both Capaci- 
tors of equal value and large enough so that Vcc and VEE 
ripple are small. Large ripple will cause the COM ampli- = 
fier to dissipate excessive power. eed 
Signal detection is performed by the internal hysteresis Y 
comparator which senses the polarity of the input signal ic Oa 

as shown in figure 2. This is accomplished by setting (or 

resetting) the comparator only if the input signal exceeds . 4 
0.95*[Vcc-VEE] (or 0.95*[VEE-Vcc]). In some cases it 
may be necessary to add a damping resistor across the 
transformer secondary to minimize ringing and eliminate 
false triggering of the hysteresis comparator as shown in 
figure 3. 





Figure 1. Input Stage & Bipolar Supply 
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APPLICATION INFORMATION (cont’d) 


0.95 (Vcc-VEE) 


B-A Ov 
0.95 (Vcc-Vee) 


Vcc 


VEE 


Figure 2. Input Waveform 


0.95 (Vcc-VEE) —— 


ov —_— — — — — 


0.95 (Vcc -VEE) 


Figure 3. Output Pulsing Caused By Transformer Ringing | 


GATE DRIVE WAVEFORM 


The rising edge of OUT can be programmed for a two 
step sequence as shown in figure 4. The plateau voltage 
is programmed by a resistive divider from Vcc to COM 
applied at CLAMP. CLAMP must be bypassed to COM. 
The plateau voltage is approximately OUT = CLAMP. The 
plateau time is set by a resistor from TRC to Vcc and a 
capacitor to COM as: 


Tp = RC*In((R-7.6k)/(R-12.4k)). 


TRC also programs a blanking time during which the chip 
ignores the desaturation comparator. The blanking time 
is: 

Tb = Tp + 0.4*RC. 





UC1727 
UC2727 
UC3727 





Figure 4. Rising Edge Waveform 


DESA 
COMPARATOR 


Veo 








Figure 5. Transient Desaturation Response 


In the event that desaturation is detected outside the 
blanking interval, OUT will be driven back to the CLAMP 
plateau for a fault time set by a resistor from FRC to Vcc 
and a capacitor to COM as: 


Tf = RC*In((R-7.6k)(R-12.4k). 


If the event is transient, OUT will return fully high at the 
end of Tf as shown in figure 5. During Tf, FRPLY is open. 
After Tf, FRPLY is shorted to COM. 

Desaturation shown in figure 6 that persists longer than Tf 
will cause OUT to be driven fully low. The chip will not ac- 
cept a command to drive OUT high for a delay period of 


Td = 0.4*RC 
FRPLY will be open during this entire period. 
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DESAT 
COMPARATOR 


Figure 6. Rising Edge Waveform 


ENABLE 


ENBL provides an alternate means of controlling the out- 
put. If ENBL is to be used as the primary input, A should 
be connected to Vcc and B to VEE. ENBL can be driven 
by the output of an opto-isolator from ENBL to COM as 
shown in figure 7. If ENBL is not used, it should be 
shorted to COM. 











Figure 7. Using ENBL as Primary Input 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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EXTERNAL BIPOLAR SUPPLIES 


If it is desired to drive an emitter grounded IGBT from ex- 
ternal supplies, the configuration in figure 8 should be 
used. COM should never be connected to ground. Vcc 
must be = 12V and Vcc-VEE must be 2 23.5V. 





Figure 8. Using External Supplies 


TEMPERATURE 


Figure 9. Input to Output Delay 
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INTEGRATED 
CIRCUITS 


ae UNITRODE 


Thermal Monitor 
FEATURES 
e On-Chip Temperature Transducer 


e Temperature Comparator Gives 
Threshold Temperature Alarm 


¢ Power Reference Permits Airflow 
Diagnostics 


e Precision 2.5V Power Reference 
Permits Airflow Diagnostics 


¢ Transducer Output is Easily Scaled 
for Increased Sensitivity 


¢ Low 2.5mA Quiescent Current 


BLOCK DIAGRAM 


PTAT+ 


PTAT- 


UC1730 
UC2730 
UC3730 


DESCRIPTION 


The UC1730 family of integrated circuit devices are designed to be used in 
a number of thermal monitoring applications. Each IC combines a tempera- 
ture transducer, precision reference, and temperature comparator allowing 
the device to respond with a logic output if temperatures exceed a user pro- 
grammed level. The reference on these devices is capable of supplying in 
excess of 250mA of output current ~ by setting a level of power dissipation 
the rise in die temperature will vary with airflow past the package, allowing 
the IC to respond to airflow conditions 


These devices come in an 8-Pin DIP, plastic or ceramic, a 5-Pin TO-220 or a 
PLCC-20 version. In the 8-Pin version, a PTAT (proportional to absolute 
temperature) output reports die temperature directly. This output is config- 
ured such that its output level can be easily scaled up with two external gain 
resistors. A second PTAT source is internally referenced to the temperature 
comparator. The other input to this comparator can then be externally pro- 
grammed to set a temperature threshold. When this temperature threshold 
is exceeded an alarm delay output is activated. Following the activation of 
the delay output, a separate open collector output is turned on. The delay 
pin can be programmed with an external RC to provide a time separation 
between activation of the delay pin and the alarm pin, permitting shutdown 
diagnostics in applications where the open collector outputs of multiple parts 
are wire OR’ed together. 


The 5-Pin version in the TO-220 package is well suited for monitoring 
heatsink temperatures. Enhanced airflow sensitivities can be obtained with 
this package by mounting the device to a small heatsink in the airstream. 
This version of the device does not include the PTAT output or the open col- 
lector alarm output. 


REFERENCE 
THERMAL AMPLIFIER 
COUPLING ‘ 


2.5V 
REFERENCE 


PTAT VOLTAGES 
5 mvV/°K GND 


TEMPERATURE a 
COMPARATOR = 





ALARM 
THRESHOLD 
SET 

ALARM ALARM 

eUreey OUTPUT 


Pin numbers shown for 8-Pin DIP, () number for 5-Pin TO-220. 
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a | a UC2730 
ABSOLUTE MAXIMUM RATINGS ee 
Input Supply Voltage, (+VIN).... 6... eee eee ee 40V T, 5-Pin Plastic DIP TO-220 ........... ot ee ee es BS°CWW 
Alarm Output Voltage (8-Pin Version Only)........... 40V Thermal Resistance Junction to Case ee 
Alarm Delay Voltage... 0... 0... cece eee eee 10V N, 8-Pin Plastic DIP. ¢ 63 ints ds dvas csc be eae aek 60°C/W 
Alarm Threshold Set Voltage ................00 eee 10V J, 8-Pin Ceramic DIP.......... 00... cee ee eee es 40°C/W 
2.5V Reference Output Current ...... Pe ee -400 mA T, 5-Pin Plastic TO-220... 00... c ccc cece eee e nee 5°C/W 
Alarm Output Current (8-Pin Version Only).......... OmA Operating Junction Temperature ......... -55°C to +150°C 
Power Dissipation at TA = 25°C (Note 2)......... 1000 mW Storage Temperature ................. , 65°C to +150°C 
Power Dissipation at Tc = 25°C (Note 2)......... 2000 mW Lead Temperature (Soldering, 10 Seconds)..... .... 800°C 
Thermal Resistance Junction to Ambient — Note 1: Voltages are referenced to ground. Currents are posi- 
N, 8-Pin Plastic DIP ..... 0... 0.0... cece eee 110°C/W tive into, negative out of, the specified terminals. — 

J, 8-Pin Ceramic DIP ........ Siketie eames 110°C/W Note 2: Consult Packaging section of Databook for thermal 


limitations and considerations of package. 


CONNECTION DIAGRAMS 


DIL-8 (TOP VIEW) | PLCC-20 (TOP VIEW) 
N or J Package Q Package 


- PACKAGE PIN FUNCTION 
ALARM [FUNCTION 
ALARM DELAY Ee On aaane FUNCTION | PIN | 


| 13 | 
ALARM DELAY 
+Ve PTAT- | | ALARMOUTPUT | 5 _| 
PTATs Ee 
| ae ae 

| 8-13 | 


, | GND sds 
5-PIN TO-220 (TOP VIEW) i PTAT+ | ia 
: . : 8 14 PTAT- 
z ; - 9 10 11 12 13 2.5V REFERENCE | 16 | 
+ViN | 2.5V REFERENCE 
ALARM DELAY 
Ghee | ALARM 
ALARM THRESHOLD SET THRESHOLD SET 


2.5V REFERENCE PNG | 19-20 | 


‘\ tab is connected to GND 





ELECTRICAL CHARACTERISTICS: Unless otherise stated, these specifications apply for Ts = 0°C to +100°C for the 
UC3730, -25°C to + 100°C for the UC2730 and -55°C to +125°C for the UC1730, 
+VIN = + 5V, and PTAT-— = OV. TA = Ty. 


| PARAMETERS =| TesTConpmions =| MIN | T¥P | MAX JUNITS) 


INPUT SUPPLY 









Supp Curent pins gey tf ak of 
avnsov | | mal | 
j OwmanVonage feeb —__)24751_25 | 28251 v__ 
Over Temperature fe | | 
| LoadReguiation flout =Oto250mA_ | 8 | 8 | mv 
| LineRegulation —ein=Sto2ev tt | 50 | mv 





TEMPERATURE COMPARATOR 


Temperature Comparator Threshold |at 300°K (26.85°C), Nominally 5mV/°K, 1.475 | 1.50 
: VINPUT High to Low 


+VIN = 5 to 25V 
ViNPUT at 1.5V 
| Output Sat Voltage our = 100yA Lae 
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ELECTRICAL Unless otherwise stated, these specifications apply for Ty = 0°C to +100°C for the UC3730, 
CHARACTERISTICS (cont): -25°C to + 100°C for the UC2730 and -55°C to +125°C for the UC1730, +VIN = + 5V, and 
PTAT— = OV. Ta= Ty. 


| —SPARAMETERS =| SCTESTCONDITIONS =~ MIN | TYP | MAX | UNIT 
[TEMPERATURE COMPARATOR (cont) 





TEMPERATURE COMPARATOR (cont.) 


| OutputLeakage Current Vour=tV_— ct | tc |g 


PTAT BUFFER (8-Pin N, or J Version Only) 






















































Output Voltage fat 300°K (26.85°C), Nominally 5mvrPK | 1.460 | 1.50 | 1.54 | Vv 
In10XConfg.+vn=25v 1 | 15 | 15.4 | 
2 ete 
| TemperatureLinearity(Note2) | | | 8 
|_| 0.02 | 0.04 | sv 
| LoadRegulation flour =O to 2mA | | 10 | 30 | mv | 
| Dropout Voltage [PTAT + TO 4VIN | ff 19 | 25 |v 
Input Bias Current atPTAT— Input | 8 HO | pA 
ALARM BUFFER COMPARATOR (8-Pin N, or J Version Only) 
femiete (n atie [L 
|_ Threshold Hysteresis Voltage __[Alarm Delay Voltage > VTH || too | 250 | mv | 
Input Bias Current Alarm Delay Voltage < VTH | | on | 05 | pA | 
Max Output Current VouT = 1V | 70 | 15 | | ma | 
Output Sat Voltage louT = 3mA | | 025 | oases | ov 
Output Leakage VouT = 35V | ot | 20 | pA 














Note 2: This parameter is guaranteed by design and is not tested in production. 
APPLICATIONS AND OPERATION INFORMATION 
Scaling the PTAT Output (8 Pin Version Only) 


oa saa 
PTAT 


VOUT = 5x( | mV/°K 


(Recommended Range for R11 is 2k to 4k) 


uer7a0 | 





VREF Output Current (mA) 


-~ 
O 
o 
—_ 
@ 
= 
ie a 
i) 
fas 
3 
had 
i] 
bas 
@ 
Qa. 
E 
co] 
b= 
e 
o 
= 
o 
c 
2 
5 


10 15 20 25 30 35 


400 600 
00 700 





Vin (V) 500 
Airflow (FT/MIN) 
VREF Maximum Output Current vs Input Supply Junction Temperature Rise vs Airflow UC3730N (8- 
Pin Plastic Dip) 
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UC1730 
UC2730 
| UC3730 
APPLICATIONS AND OPERATION INFORMATION (Cont.) = 
Setting a Temperature Threshold 


UC1730 


Temperature Threshold (°C) ~ 
| - 273.15 


TEMPERATURE on 2.5V 
COMPARATOR : | | = (9005) * RisRe2 


Ci (OPTIONAL 


DELAY CAPACITOR) 
DELAY ~.7R3C1 


ALARM SIGNAL 


Note: For airflow monitoring a power dissipation 
level can be set with a resistive load, RL, on the 
reference output. Pb = (+ VIN- 2.5 VIP/RL. 


Dual Speed Fan Control 


UC1730 


TEMPERATURE 
COMPARAT 


OV 
TL TH 


—_d 
<< 
z 
© 
OD 
and 
) 
oc 
-— 
z 
O 
O 
Zz 
< 
Li. 


TEMPERATURE 


FAN CONTROL 


ALARM SIGNAL 
BUFFER OV--LOW SPEED 
2V-~HIGH SPEED 


om _.25V ._ R2 
TH(°C) = 5795 * aaa ~ 278-15 


25V PX 
0.005 * Rispx 7/29 


sears _ Rs 
bach RX = R2x A2+ AB 


TL(°C) = 
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ser uc2950 


me UNITRODE 
Half-Bridge Bipolar Switch 


FEATURES DESCRIPTION 


e Source or Sink 4.0A This device is a monolithic integrated circuit designed to provide high-cur- 
» Supply Voltage to 35V rent switching with low saturation voltages when activated by low-level logic 

signals. Source and sink switches may be independently activated without 
¢ High-Current Output Diodes regard to timing as a built-in interlock will keep the sink off if the source is 


on. 
e Tri-State Operation 


— This driver has the high current capability to drive large capacitive loads 
° TTL and CMOS Input Compatibility with fast rise and fall times; but with high-speed internal flyback diodes, it is 


° Thermal Shutdown Protection also ideal for inductive loads. Two UC2950s can be used together to form 
a full bridge, bipolar motor driver compatible with high frequency chopper 
* — 300kHz Operation current control. 


e Low-Cost TO-220 Package 
ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage Range, VC........ cece cette ee eens 8V to 35V 

Output Voltage Range, VO.... 6... cee eens -3.0V to Vc+3V 3 

Input Voltage Range, VIN................4. ignehowsouag eho -0.3Vto+7.0V Note 1: Consult Packaging section of dat- 
Peak Output Current (1 OO ms:.10%6' DG) ick ot ee eee bh tla See saad +4.0A abook for thermal limitations and considera- 
Continuous Output Current... 0.0.0.0... cece cette eee e eens +2.0A _ tions of package. : 
Power Dissipation with Heat Sink... 0.2.0.0... 0... c eee eee eee 15W 

Power Dissipation in Free Air... 0.0.0.0... ccc cee ee eee eeaes 2W 

Operating Temperature Range, TA ......... 0... cece ee eee -20°C to +100°C 

Storage Temperature Range, TS........... 0. cc cece ences -55°C to +125°C 

CONNECTION DIAGRAM TRUTH TABLE 


| 5-PIN TO-220 (TOP VIEW) 
T Package 


3 Sink Drive 
Output 
Ground 
Source Drive 
Supply Vc 





Note: With no load, output voltage will be HIGH in the OFF 
state. 





SIMPLIFIED SCHEMATIC 
5V Power to 


Internal BV 


100 
Source A 


Input K ; 
" 
= Shutdown 
oN 14) Output 
4k 
>: ee ee 


13! Ground 


L\ 6V 
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_ UC2950 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, Vc = 35V, TA = -20°C to +1 00°C, VIL =08v, VIH =2.4V 
for either input, TA =Tu 





Supply Current . 


SWITCHING CHARACTERISTICS: See Test Circuit. Vc = 12V, RL = 5, Ta = 25°C. Guaranteed by design, not 100% 
tested in production. 


PARAMETERS 


Source Turn-On Delay, t01 
Source Turn-Off Delay, tb2 


Sink Turn-On Delay, tbd3 
Sink Turn-Off Delay, tb4 


Cross-Conduction Current Spike When Source 
and Sink are Activated Together 


SWITCHING TEST CIRCUIT 





0.8V to 2.4V 
5yus Wide 
1.0kHz . 


| 
LS a cee Oren een 


Sink | | 
Drive | | 
Viu—-—f----tO- KK 


| | 
Vc -VSAT | 


—-r es 
Output with | | Output with 
Rt to Ground 0 i l Rt to Vc 


| 1. 
| —>|To1|=- ->|To2|— 
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amcure UC3657 
aan UNITRODE 


Triple Tri-State Power Driver 


FEATURES DESCRIPTION 

e¢ Operating Supply Voltage to 32V The UC3657 triple power driver integrated circuit is well suited to driving 

* Load Current Capability to 3A three-phase motors, stepper motors, brush motors, inductors, incandes- 
cent lamps, resistive loads and long lines with controlled voltage slew 

e Built-In Thermal Protection rates. The UC3657 features minimum saturation voltage with light loads 


* Clamp Diodes Included for Driving as well as low saturation voltage for loads in excess of 2A. 


Inductive Loads Each output contains two clamp diodes to conduct transient currents from 
: inductive loads. The diode to Vcc is a fast, low voltage-drop Schottky 
eave AU et Ovel tabi acKads type, while the diode to ground is a slower P-N junction device. 


* Individual Logic Inputs for Each The UC3657 is completely safe from destruction due to incorrect combi- 
Driver nations of logic inputs. For best performance, however, it is recom- 

¢ Master Inhibit Input for Power-Down mended that the inputs are driven with logic signals that have transition 
and Coast times faster than 100ns. 


e TTL/CMOS Compatible Inputs 


CONNECTION DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 





Power Supply Voltage .............. 0... e eee 35V 
Logic Input Voltage.................005. -0.3t0+35V Ae 0 Sales Cc é 
Peak Output Current (each channel) High to Sink B 
Non-Repetitive 100us ...... 0.0... cee eee eee 3A ro te Scusee B 
ae gh to Sin 
Repetitive, 8ms on, 2ms Off................. . 2.5A 0 awiite- Screen 
COnUMUOUS' 63 Siwist ashen wea ee wae eee Tes 2A Inhibit 
Storage and Junction Temperature ..... -40°C to +150°C oe ound 
ositive Supply 
Note: Consult Packaging Section of Databook for thermal AO Output A 
limitations and considerations of package. Outpu t B cern 
Emitter Sense B 
) Output C 
‘Emitter Sense C 
BLOCK DIAGRAM 





A1|10 
A2 [11 


B1 (12! 
B2|13) 


C1 [14] 


C2115 | 


7.25V 


Thermal 
Shutdown 


INH | 9| 
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~ UC3657 


ELECTRICAL CHARACTERISTICS (0°C < Ta < 700°C, Vcc = 12V unless otherwise noted.) TA =Tu 









Typ. | MAX. | 
| to | 25 | 
| 10 | 28 | 
| icc, OutputsLow AN, BY, C1, = L A2, B2, C2 =H INH=L | 40 | 70 | 
[os | 5 | 
| too | | 
| VecRange, Operating = | Cd ae oe 
| Tum-OnThreshold | | 75 | 8 | 
Turn-Off Threshold ee eel ce 
Thermal Shutdown Temperature i eae Meet (5 ae 
160 | 
| _LogicinputThreshold | ee 
_Input Low Current; A1, A2, B1, B2, C1, C2 | 4 | 20 
Ee | es 
nee it 
jo2 | 1 | 
Output Low Voltage A2, B2,C2=H INH=L . | 12 | 
| AE, BE, CE Grounded 










| [1.25 | 
Output High Voltage, to Vec A1,B1,C1=L INH=L 100mA eta 


A2, B2, C2 =L 


aa || 45 | 1.9 | 

Propagation Delay, Off-High_ ee tad 

| 32 | 
ae ae 
Propagation Delay, Low-High ie ae 


Propagation Delay, Low-inhibit Test Circuit, Drive INH 


Propagation Delay, Low-Off Test Circuit, Drive A2, B2, or C2 
Propagation Delay, Inhibit-Low Test Circuit, Drive INH 


Propagation Delay, Inhibit-High Test Circuit, Drive INH 


Output Siew Rate, Output Rising {100Q Load to GND; Drive A1 + A2, B1 + B2, or 
‘|C1+C2 


Propagation Delay, High-Inhibit Test Circuit, Drive INH | 


a 
ol 
< : | ° ° . . , 


Propagation Delay, High-Off Test Circuit, Drive A1, B1, or C1 


Output Siew Rate, Output Falling 100Q Load to Vcc; Drive A1 + A2, B1 + B2, or = Vius 
C1 +C2 

Output Leakage Current INH =H, Voc = 32V, OV < 32V | -250 | 

High-Side Diode 2A Drop i es eee 

Low-Side Diode 2A Drop INH =H | ao 
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UC3657 


PROPAGATION DELAY TEST CIRCUIT (Connect only one channel at a time.) 


+5V +5V +5V 


VDIODE (V) 





0.5 1.0 1.5 
Load Current - (A) Diode Current 





LOGIC TRUTH TABLE EQUIVALENT INPUT CIRCUIT 





L means input voltage < 0.8V. 

H means input voltage > 2.0V. Al, A2, Bi, 

Off means output is high impedance. B2, Ci and C2 

Low means output is low impedance to “E.” 

High means output is low impedance to "Vcc.” 

X means input voltage will not affect the output 
(don't care). 
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TYPICAL APPLICATIONS 





uc3e57 Yee 


Controller 


UC3657 


— Vee 093657 


DC Motor 


From 
Controller 


Select B 


This application features a fault latch to detect a shorted 
wire, stuck rotor, or other problem that can cause current 
to exceed some threshold. A single sense resistor is used 
with a voltage comparator to detect this fault. Emitter re- 
sistor "A" is used to sense total low-side current, and in- 
hibit all devices in the event that current exceeds a 
threshold. Resistor "B" sets the comparator threshold, 
and a set-reset flip-flop latches the error signal to prevent 


BRUSHLESS MOTOR DRIVER 


UC3657 


Al age AO Three Phase Motor 
a a 
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oscillation. Matched RC filters on the comparator inputs 
allow operation close to threshold with good supply-noise 
rejection. 


To achieve high currents, UC3657 outputs have been par- 
alleled. This is practical within the device current and 
power ratings, according to the derating specification for 
the package. 


Posistion 
Sensors 
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| | | ancurs UC3704 
aa UNITRODE 


Bridge Transducer Switch 


FEATURES DESCRIPTION 

e Dual Matched Current Sources This integrated circuit contains a complete signal conditioning sys- 
tem to interface low-level variable impedance transducers to a 
digital system. A pair of matched, temperature-compensated cur- 
e Wide Common-mode Input Capability rent sources are provided for balanced transducer excitation fol- 
lowed by a precision, high-gain comparator. The output of this 
comparator can be delayed by a user-selectable duration, after 
which a second comparator will switch complementary outputs 
¢ Externally Programmable Time Delay separately activated for diagnostic operation and has an optional 
latch with external reset capability. An added feature is a high cur- 
rent power source useful as a heater driver in differential tempera- 
¢ Built-in Diagnostic Activation ture sensing applications. The UC3704 is designed for O°C to 

+70°C environments. 


e High-gain Differential Sensing Circuit 


¢ Complementary Digital Open-collector 
Outputs 


¢ Optional Output Latch with Reset 


¢ Wide Supply Voltage Range 


¢ High Current Heater Power Source Driver 


UC3704 COMPATIBLE SENSORS 


SENSOR TYPE 
Pressure 
Thermistor 
Thermocouple 
Semiconductor 







Photo Voltaic 
Photo Resistive 


——— 
nee 
ee 





Piezoelectric 
Magneto Resistive 


nductive aes 
Capacitive | 


BLOCK DIAGRAM 





oF 
m 
@ 
2 





Current Current Comp 2 
Set 1 18) 8 Set 2 Threshold iil 


+VIN | 4| 

Q2 omp nN (+) > reshold (- 
Regulat 

a ona LD) 004 : 


Q4 15]Q OuT 


Gnd} 1| 


Set {2 


RE 
a6 <a 
Drive |3| 


Buffer 


6v ZL 
VreFl 5) 


Current Current Comp 2 Reset Remote 
Out 1 E) Out 2 Delay [fo input 2 13} [14 Activate 
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UC3704 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 
Supply Voltage (+VIN).. 0.0... ee eee eee eee 40V 
Output Current (each output) ......... 00. e eee 50mA_ | DIL-16 (TOP VIEW) 
Buffer Power Source Current.......... Dares, usloaieucs 200mA__—i|_ J or N Package 
Comparator 1 Inputs...................008. -0.5V to VREF 
Comparator 2 Inputs. ...... i wncdhiat a ibdenteratingrracmr aula tse 0 to 5.5V 
Remote Activation and Reset Inputs .............. 0 to 5.5V Gnd QouT 
Power Dissipation at TA = 25°C .................4. 1000mW Buffer Set QouT 
Operating Junction Temperature ........... -55°C to +150°C . 
Storage Temperature Range .............. -65°C to +150°C Buffer Drive Rem. Act. 
Lead Temperature (Soldering, 10 Seconds) ......... +300°C +VIN Reset 
Note: Unless otherwise specified, all voltages are with respect 

pt sealee (Pin1). | oo as VREF Comp 2 In 

sitive into, negative out of the specifie 
pall cei is Pe Cur. Set 1 L&! Comp 2 Thres. 


Consult Packaging section of Databook for thermal 
imitations and considerations of package. 


Cur. Out 1 Delay 
Cur. Set 2 [8] Cur. Out 2 





ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0°C to +70°C for the 
| UC3704: ViH = 15V, TA =Ty. 










= 
313 {3 3 









dai 






Power Inputs | <2 
VreF Temperature Coefficient | 3 
Short Circuit Current | VIN = 36V, VREF = VIN or Ground 
Current Set = 200A 
Input Offset Voltage 


ne es ae 
Reference Section (with respect to VIN) _ ae 
ee ee 
Current Source (Q1 and Q2) | a 
0d 
ear: 
| InputBiasCurent | 
a cen eae aera nee ee ee 


Sz 


PARAMETERS — Ses ee aa 
| Supply Current Vin = BV | ae oe 
22 
24 2 
Output Current (Note 2) Somer Sel fp, La 88 
Comparator One 


3 
> 


| nA 
_7o | | 6B 
85 | | eB 
| 40 | 52 | yA | 


pA 
eee 


CMRR IVcm = 0 to 12V 
Voltage gain | | Ri>150kQ 


Delay Current Source ee See ee 
Output Rise Time Overdrive = 10mV, Cp = 15pF, Ty = 20°C 


~J 
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UC3704 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to +70°C for the 
UC3704: ViH = 15V, TA=Ty. 


PARAMETER 

Comparator Two (QouT and QouT) 

Threshold Voltage 

Threshold Resistance 

Input Bias Current 

Remote Activate Current 

Reset Current . 

Remote Activate Threshold 

Reset Threshold 

Output Saturation 


To Ground 


Pin 14 =0V 
Pin 13 = OV 
TA = 25°C 
TA = 25°C 
OUT = 16mA 
louT = 50mA 
VouT = 40V 






Output Leakage 
Output Response 


Buffer 
Set Voltage (VIN -Vs) 
Drive Current 


Note 2: Collector output current = bal hina Raided aA 
RE RE 


APPLICATIONS INFORMATION 
Sensor Section 


The input portion of the UC3704 provides both excitation 
and sensing for a _ low-level, variable impedance 
transducer. This circuitry consists of a pair of highly 
matched PNP transistors biased for operation as constant 
current sources followed by a high gain precision compa- 
rator. 


The reference voltage at the bases of the PNP transistors 
has a TC to offset the base-emitter voltage variation of 
these transistors resulting in a constant voltage across 
the external emitter resistors and correspondingly con- 
stant collector currents for balancing, offsetting, or to pro- 
vide unique temperature characteristic. | 


With the PNP transistor’s optimum current ranging from 
10 to 200uA, and the common-mode input voltage of the 
comparator usable from ground to (VIN - 3V), a wide 
range of transducer impedance levels is possible. 


The sensor comparator has a current source pull-up at 
the output so that an external capacitor from this point to 


| TeSTCONDTIONS | MIN | TyP_| MAX [UNITS] 


VIN (Pin 12) = 5V 


Comp. Overdrive = 1V |Turn-on 
Rt = 5k to VIN Turn-off 
Ty = 25°C, Is = 100mA 


Ty = 25°C, Rs = 2009, Vo = 0V 
Note 1: Parameter guaranteed by design, not tested in production. 


_ 
\) 
—_ 
NO 
© 







_ 
> 
o) 


FPP 


— =) 
ro) N 





0 


ground can be used to provide a programmable delay be- 
fore reaching the second comparator’s threshold. The 
low-impedance on-state of Comp 1’s output provides 
quick reset of this capacitor. This programmable delay 
function is useful for providing transient protection by re- 
quiring that Comp 1 remain activated for a finite period of 
time before Comp 2 triggers. Another application is in 
counting repetitive pulses where a missing pulse will al- 
low Comp 1’s output to rise to Comp 2’s threshold. This 
time delay function is: 


_ Comp 2 Threshold 2 
Delay = Delay Current X Co~175ms/pF 


If hysteresis is desired for Comparator 1, it may be ac- 
commodated by applying positive feedback from the de- 
lay terminal to the non-inverting input on Pin 7. This will 
aid in providing oscillation-free transitions for very slowly 
changing inputs. 
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APPLICATIONS INFORMATION (cont.) 
Output Section 


The output portion of the UC3704 is basically a second 
comparator with complimentary, open-collector outputs. 


This comparator has a built-in, ground-referenced thresh- — 


old implemented with a high-impedance current source 


and resistor so that it may be easily overridden with. an. 


external voltage source if desired. Comp 2’s input tran- 
sistors are NPN types which require at least 1V of com- 
mon-mode voltage for accurate operation and should not 
see a differential input voltage greater than 6V. 


For diagnostic or latching purposes, the output logic is 
equipped with a Remote Activate and Reset function. 
These pins have internal pull-ups and are only active 
when pulled low below a threshold of approximately 1V. A 
low signal at the Remote Activate Pin causes the outputs 
to change state in exactly the same manner as if Comp 
2’s input is raised above the threshold on Pin 11. If Pin 
16 is connected to Pin 14, positive feedback results and 
the outputs will latch once triggered by Comp 2's input. 


UC3704 


Pulling the Reset terminal low overrides the Remote Acti- - 
vate Pin releasing the latch. 


Reference Buffer 


This circuit is designed to provide up to 100mA to drive a 
high current external PNP transistor useful for powering 
a heater for differential temperature measurements. Care 
must be taken that power dissipation in Q6 does not 
Cause excessive thermal gradients which will degrade 
the accuracy of the sensing circuitry. 


Using a heating element attached to a temperature sen- 
sitive resistor, RS1, in one leg of the input bridge imple- 
ments a flow sensor for either gasses or liquids. As long 
as there is flow, heat from the element is carried away 
and the sensor voltage remains below threshold. Using 
an identical sensor, RS2, without a heater to establish 
this threshold compensates for the ambient temperature | 
of the flow. 


TYPICAL APPLICATION FOR MONITORING LIQUID OR GAS FLOW 


REB 


| als 
id fig- — — — fi} fq — ——- 


Remote 


meget 9 an Active 


| Heater Buffer —+-+-—— Input Sensor Section ———-+|-— Output Section —— 
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pa yo UC5170C 


mee UNITRODE 


Octal Line Driver 


FEATURES DESCRIPTION 

e Eight Single Ended Line Drivers in The UC5170C is a single-ended octal line driver designed to meet both 
One Package standard modem control applications (EIA232E/V.28), and long line drive 

* Meets EIA Standards applications (EIA423A/V.10/X.26). The slew rate for all eight drivers is con- 
EIA232E/V.28, EIA423A and trolled by a single external resistor. The slew rate and output levels in Low 
CCITT V.10/X.26 Mode are independent of the power variations. 

* Single External Resistor Controls Mode selection is easily accomplished by taking the select pins (Ms+ and 
Slew Rate Ms-) to ground for low output mode (EIA232E/V.28 and ElA423A/V.10) or 

to their respective supplies for high mode (ElIA232E/V.28). High mode 
« Wide Supply Voltage Range should only by used to drive adapters that take power from the control 
° Tri-State Outputs lines, or applications using high threshold receivers. 


e Output Short-Circuit Protection 












ABSOLUTE MAXIMUM RATINGS (Note 1) FUNCTIONAL TABLE 

VE (PIN 20) ren cc he tusieoaidernighh eacbanibancaeauuns 15V INPUTS. |. ouTpuUTS.—s—s—sS 
VIPIN 1) 3.3 Adee eh aks wi ee Sui ies bra So Mee’ Bos -15V | HIGH | Low | 
PLCC Power Dissipation, Ta = 25°C (Note 2)...... 1000 mW T BIA-232E® ‘(| EIA423A+EIA232E | 
DIP Power Dissipation, TA = 25°C (Note 2)........ 1250 mW --EN}DATA,__FUAzaze” _ ae ee 
Input Voltage... ..... 0. ce csecseceueceeees -1.5V to +7V +} , 2 

Output Voltage oo... sec e cece ee esse eee es 42evto+i2v [| o | 1 | wav | -5V to -6V 
Slew Rate Resistor..........0...ceccceeeeee. 2kto10K2 | 1 | xX | High Z High Z 
Storage Temperature Seta ey Oc bone Gm e:. eho 8o fea. t an ee lay feel, io -65°C to +1 50°C Note 2: Minimum output swings. 


Note 1: All voltages are with respect to ground, pin 18. 
Note 2: Consult Packaging Section of Databook for thermal limi- 
tations and considerations of packages. 


CONNECTION DIAGRAMS 
N PACKAGE (TOP VIEW) 


Bo 


Co 

Ci 

Di 

Do 
ENABLE 
V- 
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UC5170C 


DC ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications hold for | V+ | =| V-| = 10V, 
0 < TA< +70°C, Ms+ = Ms- = OV, RsRA = +10k, TA=Ty. 


[panawerens ———[svmeou| __testconpmons | wan | rw [ max [unre 
POWER SUPPLY REQUIREMENTS 
EA ee en ee ee Ie 
Pvenange PP as 
[Ve SupplyGurent | ts [rusinintegn=ov Tas [ae | ma | 
[V-Supply Curent | Pusininten=ov Ya | a | ma 
[ Hightevelinputvottage | vm To TT 
[LowLevelinputvotage | ve ff ow | 
[inputClamp Votage | t=-tsma TT at [te Tv 
[High Level input Current | tw (vin=2av TL as | 40 Tw 
Tow tavt input Curent | —u —usoay Jaf so [Pua 
EST eae eae EES 


OUTPUTS 
High Level (Low Mode) Output Voltage! VoH [ViIN=O8V_ Ru=Inf. | 5.0 | 53 | 6.0 | V_ | 
(EIA423AVV.10, EIA232E/V.28) En=08v Ri=3k | 5 | 83 | 60 | Vv 
_is450 | 82 | 60 | 
Vo. |VN=20V Risin | 5.0 | 5.3 | 60 | Vv | 
En=08v Au=3kK_ | 8 | 5.3 | 6.0 | VI 
us450 8 | 52 | 60 | OV 
| Output Balance (EIA423A/V.10) | Veat|RL=450VoH-Vor=Vean | | 02 | 04 | OV 












































Low Level (Low Mode) Output Voltage 
(EIA423A/V.10,EIA232E/V.28) 


























High Level (High Mode) Output Voltage “Ee =0,8V AL=Inf,Ms+=V+,Ms-=V-| 7.0 | 76 | 10 | vi | 
(EIA232/V.28) En=0.8V RL=3k,Ms+=V+,Ms-=V- | 7.0 | 76 | 10 | Vv | 
Vo. |ViN=2.0V RL= Inf, Ms+ = V+, Ms- =V- 
eae v.28) 
Off State |_Off-State Output Current Current | loz __|En = 2.0V, Vo = +6V, V+ = 15V, V-=-15V| -100 | || 100 | pA | 

| Shen Crouk Curent | tee flmetwEtsoy ___1_25 |_so_t__ 
Vin=5V,En=OV | | ma 





AC ELECTRICAL CHARACTERISTICS: §at| V+|=|V-| =10V,0< TA<+70°C, Ms+ = Ms- = OV, TA =Ty. 












| PARAMETERS =| SYMBOL| ss TESTCONDITIONS | MIN | TYP _| MAX |UNITS| 
) Oumutsiew Fete | fbn —______| 865-95 1 128) Vise 
te |l=450,C.=50pF_ | 65 | 10 | 12.3 | Vins | 

Output Slew Rate pte |Asras toe 1.83 | 19 | 2.45 | Vins | 












| te R= 450,0L=50pF | 1.83 | 22 | 2.45 | Vins | 

Propagation Output to ; 
High Impedance | tte [R= 450,0L=50pF | 
| Propagation gh impedence |_tt_jf 10k __"____}_{ 80 1 15 } 
Output ta R= 450,C.=50pF | 70 | 15 | ps | 
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AC PARAMETER TEST CIRCUIT AND WAVEFORMS 
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RsrRa kQ 


APPLICATION INFORMATION 
Slew Rate Programming 


Slew rate for the UC5170C is set up by a single external 
resistor connected between the SRA pin and ground. 
Slew rate adjustments can be approximated by using 
the following formula: 


20 
V/s = A (Rspra in k Q) 


The slew rate resistor can vary between 2k and 10k 
which allows slew rates between 10 to 2.2V/us, respec- 
tively. The relationship between slew rate and RSRA is 
shown in the typical characteristics. 


Waveshaping of the output lets the user control the 
level of interference (near-end crosstalk) that may be 
coupled to adjacent circuits in an interconnection. The 
recommended output characteristics for cable length 
and data rates can be found in EIA standard EIA423A 
+V.10. Approximations of these standards are given by 
the following equations: 
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UC5170C 


OUTPUT 
VIN = OV 


OUTPUT 
VIN = 5V 


Low Output Driver tR & tF (10-90%) 
EIA232E + EIA423A Mode 


Transition Time ps 


2.00 4.00 6.00 8.00 10.00 
RsrRa kQ 


Max. Data Rate = 300/ (For data rates 1k to 100k bit/s) 
Max. Cable Length (feet) = 100 x t (Max. length 4000 feet) 


where t is the transition time from 10% to 90% of the 
Output swing in microseconds. For data rates below 1k 
bit/s t may be up to 300 microseconds. 


Output Voltage Programming 


The UC5170C has two programmable output modes, 
either a low voltage mode which meets EIA423A, 
ElIA232E/V.28/V.10 specifications, or the high output 
mode which meets the EIA232E, V.28 specifications. 


The high output mode provides greater output swings, 
minimum of 3V below and supply rails for driving higher, 
attenuated lines. This mode is selected by connecting 
the mode select pins to their respected supplies, Ms+ to 
V+ and Ms- to V-. 


The low output mode provides a controlled output swing 
and is accomplished by connecting both mode select 
pins to ground. 





APPLICATIONS 


UC5170C 


| EIA232E/V.28 EIA423A/V.10 [| 


DATA TRANSMISSION | 


+V 


| 

TWISTED PAIR | 

OR | 
FLAT CABLE 


SPECIFIC LAYOUT NOTES 


The UC5170C layout must have bulk bypassing close to 
the UC5170C, peak slew currents when all 8 drivers slew 
at once in the same direction is over 500mA. Some appili- 
cations mount the UC5170C on a bulkhead, or isolated 
plane for RFI/FCC/VDE reasons. If bulk bypassing is not 
used the -10 volt supply has gone below 8.5 volts causing 
the slew rate control circuit to become unstable. 


The UC5170C mode control leads must be kept short to 
prevent the chip from oscillating. 


Power Sequence issue, if the +10 volts is applied before 
the -10 volts, the output will oscillate at 100kHz. This is a 
problem with some terminal designs where the +10 volts 
was derived from the power supply and the -10 volts was 
developed off of the flyback, a 500 millisec difference. 


GENERAL LAYOUT NOTES 
The drivers and receivers should be mounted close to the 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 





* TIE TO 
GROUND 
FOR EIA232E/V.28 


system common ground point, with the ground reference 
tied to the common point to reduce RFI/EMI. 


Filter connectors or transzorbs should be used to reduce 
the RFI/EMI, protecting the system from static (ESD), and 
electrical overstress (EOS). A filter connector or capacitor 
will reduce the ESD pulse by 90% typically. A cable 
dragged across a carpet and connected to a system can 
easily be charged to over 25,00 volts. This is a metal to 
metal contact when the cable is connected to the system 
(no resistance), currents exceed 80 amps with less than a 
nanosecond rise time. Atranszorb provides two functions, 
the device capacitance inherently acts as a filter capaci- 
tor, and the device clamps the ESD and EOS pulses 
which would pass through the capacitor and destroy the 
devices. The recommended transzorb for the UC5170C is 
P6KEIOCA. 


*Transzorb is a trademark of General Semiconductor 
industries. 
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INTEGRATED 
CIRCUITS 


gee UNITRODE 


Octal Line Driver 
FEATURES 


Eight Single-Ended Line Drivers in One 
Package 


Digital Selection of High Mode 
ElIA232E/CCITT V.28 only, and Low 
Mode EIA232E/V.28 & EIA423A/CCITT 
V.10/X.26 


Single External Resistor Controls Slew 
Rate 


Wide Supply Voltage Range 
Tri-State Outputs 

Output Short-Circuit Protection 
Low Power Consumption 

2kV ESD Protection on all Pins 


CONNECTION DIAGRAMS 


N PACKAGE (TOP VIEW) 


Tl Tl G)> 
- 06 


o-7 


E 
E 
V+ 
M 


ENABLE 
V- 

SRA 

NC 

NC 


Z2Z22Z20 
ae ee 
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UC5171 


DESCRIPTION 

The UC5171 is a single-ended octal line driver designed to meet both 
standard modem control applications (EIA232E/V.28), and long line 
drive applications (EIA423A/V.10/X.26). The slew rate for all 8 drivers 
is controlled by a single external resistor. The slew rate and output lev- 
els in Low Mode are independent of the power variations. 


Mode selection is accomplished by the select pin Ms logic “low” for low 
output mode (EIA232E/V.28 & EIA423A/V.10) or pin Ms logic “high” for 
high mode (EIA232E/V.28). High mode should only. be used to drive 
adapters that take power from the control lines, or applications using 
high threshold receivers. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


WPI 20) sce edt hey arte es Steet Sik Gans Soin eM Secale, ocho a 15V 
Va (PIN ices yx ain aientgeg Oe iaG tis Seah aie ginny. 6 ee ee ee -15V 
PLCC Power Dissipation, TA = 25°C (Note 2) ...............0.. 1000 mW 
DIP Power Dissipation, TA = 25°C (Note 2) .............0.00005 1250 mW 
INPUC-V ONAGG <5. psusnatna s oaks ale nee BRON ane eee eaeedes -1.5V to +7V 
Output VOlage sc piv cebde decease ode 9e eas Pete see en -12V to +12V 
Slew Rate Resistor 1.0.0... 0... cc cece cent eee eee 2k to 10kQ 
Storage Temperature ..... 0.0... . eee eee ees -65°C to +150°C 


Note 1: All voltages are with respect to ground, pin 18. 
Note 2: Consult Packaging section of Databook for thermal limitations and 
considerations of package. 


FUNCTIONAL TABLE 

OUTPUTS 
| EN | DATA [| _E1A-232E(3)_ —s | EIA-232E/EIA-423A_| 
foo fh lo ae BV to 6V 
EO Ae 


















V-)4+3V -5V to -6V 


ae ae ae a TT ee | ae 


Note 3: Minimum output swings. 


Q PACKAGE (TOP VIEW) 
| Bi Ait AONC Ho Hi Gi 


Bo 

Co 

Ci 

DI 

Do 
ENABLE 
V- 


SRA NC NCNC NC NC GND 
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UC5171 


DC ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications hold for | V+} =|V-|=+10V, 
0< TA<+70°C, Ms s0.8V, RSRA = +10k, TA =Ty. 


| —PARAMETERS =| SYMBOL| ———TESTCONDITIONS | MIN | TYP | MAX |UNITS| 


POWER SUPPLY REQUIREMENTS 


High Level Input Voltage 
Low Level Input Voltage | 
Input Clamp Voltage h=-15 mA 


High Level Input Current 


OUTPUTS 

High Level VIN = 0.8V 

Output Voltage EIA232E En = 0.8V 

(ElIA423A) 

Low Level VIN = 2.0V 

Output Voltage EIA232E En = 0.8V 

(E1A423A) 

High Level VOH Vin = 0.8V,Ms=2.0V_ Ri = Inf. 
Output Voltage (EIA232E En = 0.8V RL = 3k 


Low Level Output Voltage | Vo. |VIN=2.0V,Ms=2.0V RL= Inf. 
(EIA232E) En =0.8V Ri = 3k 
Off-State Output Current En = 2.0V, Vo = +6V, Ms = 2.0V 


Short-Circuit Current 4 En = 0V VIN = OV 
VIN = 5V 





AC ELECTRICAL CHARACTERISTICS: _at|V+|=|V-| =+10V,0<TA<+70°C, Ms s0.8V, TA=Ty. 


emer LT ata 
Ri = 450, Cr = 50pF 6 
peers ate 

Ri = 450, Ci = 50pF 





tR 
tF 
tR 
tF 
High Impedance tLz Ri = 450, Ci = 50pF 
tzH 
taL 


Propagation High Impedance to RSRA = 10k 
Output | | Ri = 450, Ci = 50pF 
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UC5171 


AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


OUTPUT 


VIN = OV 


OUTPUT 
Vin = 5V 





AC CHARACTERISTICS 
Driver Slew Rate 


Slew Rate V/us 


0 2.00 4.00 6.00 8.00 10.00 
Rsra kQ 


APPLICATIONS INFORMATION 
Slew Rate Programming 

Slew rate for the UC5171 is set up by a single external re- 
sistor connected between the SRA pin and ground. Slew 
rate adjustments can be approximated by using the fol- 
lowing formula: 

20 

RSRA 





VWus = (RsAa in kQ) | 

The slew rate resistor can vary between 2k and 10kQ 
which allows slew rates between 10 to 2.2V/us, respec- 
tively. The relationship between slew rate and RSRA is 
shown in the typical characteristics. 


Waveshaping of the output lets the user control the level 
of interference (near-end crosstalk) that may be coupled 
to adjacent circuits in an interconnection. The recom- 
mended output characteristics for cable length and data 
rates can be found in EIA standard EIA-423A. Approxima- 
tions of these standards are given by the following equa- 
tions: 


Max. Data Rate=300/t (For data rates 1k to 100k bit/s) 


Max. Cable Length (feet)=100 x t (Max. length 4000 
feet) 





0 2.00 4.00 6.00 8.00 10.00 
RsrRa kQ 


where t is the transition time from 10% to 90% of the out- 
put swing in microseconds. For data rates below 1k bit/s, 
t may be up to 300 microseconds. 


Output Voltage Programming 

The UC5171 has two programmable output modes, either 
a low voltage mode which meets EIA-423A operational 
specifications, or the high output voltage mode which 
meets the EIA-232E specifications. 


The high output mode provides greater output swings, 
minimum of 3V below the supply rails, for driving higher, 
attenuated lines. This mode is selected by connecting the 
modes select pin, (Ms), to a TTL “low” level. The low out- 
put mode provides a controlled output swing and is ac- 
complished by connecting the mode select pin, (MS), to a 
TTL “low level.” 


EIA Standards 

The UC5171 meets or exceeds the EIA Standards for 
EIA-232E and EIA-423A modes of operation except under 
power down conditions. When powered down with the 
output attached to an active buss, the UC5171 has the 
potential to load the bus under transient conditions. 
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APPLICATIONS 





UC5171 


EIA232E / EIA423A 
DATA TRANSMISSION 


+V 


TWISTED PAIR 
OR 
FLAT CABLE 


UC5171 Specific Layout Notes 


The UC5171 layout must have bulk bypassing close to 
the UC5171, peak slew currents when all 8 drivers slew 
at once in the same direction is over 5|00mA. Some appli- 
cations mount the UC5171 on a bulkhead, or isolated 
plane for RFI/FCC/VDE reasons. If bulk bypassing is not 
used the -10 volt supply has gone below 8.5 volts causing 
the slew rate control circuit to become unstable. 


Power sequence issue, if the +10 volts is applied before 
the -10 volts the output will oscillate at 100kHz. This is a 
problem with some terminal designs where the +10 volts 
was derived from the power supply and the -10 volts was 
developed off of the flyback, a 500 millisec difference. 


General Layout Notes 


The drivers and receivers should be mounted close to the 
system common ground point, with the ground reference 
tied to the common point to reduce RFI/EMI. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 ¢ FAX 603) 424-3460 





* TIE TO 
GROUND 
FOR ElA232E 


Filter connectors or transzorbs should be used to reduce 
the RFI/EMI, protecting the system from static (ESD), and 
electrical overstress (EOS). A filter connector or capacitor 
will reduce the ESD pulse by 90% typically. A cable 
dragged across a carpet and connected to a system can 
easily be charged to over 25,000 volts. This is a metal-to- 
metal contact when. the cable is connected to the system 
(no resistance), currents exceed 80 amps with less than a 
nanosecond rise time. Atranszorb provides two functions, 
the device capacitance inherently acts as a filter capaci- 
tor, and the device clamps the ESD and EOS pulses 
which would pass through the capacitor and destroy the 
devices. The recommended transzorb for the UC5171 is 
P6KEIOCA . | 


*Transzorb is a trademark of General Semiconductor 
Industries. 
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INTEGRATED 
CIRCUITS 


aan UNITRODE 
Octal Line Driver 


FEATURES , 
e Eight Single-Ended Line Drivers in One 
Package 


e Meets Standards EIA232E/CCITT V.28, 
and EIA423A/CCITT V.10/X.26 


e Single External Resistor Controls Slew 
Rate 


e Wide Supply Voltage Range 

¢ Tri-State Outputs 

¢ Output Short-Circuit Protection 
e Low Power Consumption 

¢ 2kV ESD Protection on all Pins 


e EQS on all Output Pins 35V under all 
Output Conditions 


¢ High Current Output for Long Line 
Drive, Exceeds Standards 


CONNECTION DIAGRAMS 
N PACKAGE (TOP VIEW) 


ENABLE 
\- 

SRA 

NC 

NC 
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UC5172 


DESCRIPTION 

The UC5172 is a single-ended octal line driver designed to meet both 
Standard modem control applications (EIA232E/V.28), and long line 
drive applications (EIA423A/V.10/X.26). The slew rate for all 8 drivers 
is controlled by a single external resistor. The slew rate and output lev- 
els are independent of the power variations. 


The UC5172 has high output current, and current balance for long line 
drive applications. EOS - Output parasitic SCRs powered on and off 
are 35V, well above signal levels, allowing protection devices to work. 


Inputs are compatible TTL+MOS logic families and are diode protected 
against negative transients. 


FUNCTIONAL TABLE 
INPUTS 


OUTPUT 
EIA232E/ElA423A 


5V to 6V 
-5V to -6V 
x 





Note 2: Minimum output swings. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


VEAP IN CO} et ore ate Pie outs Ca tae ae nee wanda ees 15V 
Ve(PIN Misa oteu eaten y hte ore rae aoe mee eee ee teanae -15V 
PLCC Power Dissipation, TA=25°C (Note 3) ..............+0055 1000 mW 
DIP Power Dissipation, TA=25°C (Note 3) ........... 0.000000. 1250 mW 
INpUl VONAGE ey acne d etait eet ak eee ieee tiles oe -1.5V to +7V 
OuIpuL V ONAGG 4 toe e.n savour ceuehenaeaytete bated ereaacadk -6V to +6V 
Slew Rate Aesistor ..¢2y ia dee dey oe eased Paes wed 2k to 10kQ2 
Storage Temperature ..... 0... 0... cece eee -65°C to +150°C 


Note 1: All voltages are with respect to ground, pin 18. 
Note 3: Consult Packaging section of Databook for thermal limitations and 
considerations of package. 


Q PACKAGE (TOP VIEW) 
Bi Ait AONC Ho Hi Gi 


Bo 
Co 
Cl 


DI 

Do 
ENABLE 
\- 





7-77 





UC5172 


DC ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications hold for val = |V-| = 10V, 
0°C < TA < +70°C, RSRA = +10k, TA=Ty. 


































| PARAMETER =———CsC*SSYMBBOLL| ~=——CSTESTCONDITIONS _—_—i|_ MIN | TYP | MAX [UNITS 
| V+Range ts 
| V-Range CT | —“(—ti—‘—si‘“‘“‘“ ‘i lt 
| V+SupplyCurrent |S [Ru =Infinite En=OV CT | 5 | 25 | mA 
| V-SupplyCurrent | SRL = Infinite En=Ov—sCsdT:CSs|C-t7’_—| 25 | mA | 
INPUTS 
| High-Levelinput Voltage = | Vn | C“‘“C(;™SCO;*#*#*C(*dR CO YT | TCV 
| Low-levelinputVoltage ss | OM | —(“‘“‘C;S;COC*YOUTCf (OB 
|_InputClamp Voltage | SVK = -15 mA pt ta | ta | ov 
| HighLevelinputCurrent |i |Vin=24V0— | 0 | 4 | A 
| LowLevelinputCurrent =| SS [Mu =av — —“(‘C‘C;*dLS SCT HO |] 
OUTPUTS 

High Level Output Voltage VoH_ {VIN = 0.8V | 5.0 

EIA232E En = 0.8V | 5.0 

(EIA-423A) 45 

Low Level Output Voltage VoL |VIN=2.0V 

EIA232E En = 0.8V 

(EIA-423A) a. 
| Output Balance (EIA-423A)_— |= VBAL__|RL=450, VOH-VoL=Vear | 
| Off-State Output Current | stoz__ [En = 2.0V, Vo = #6V, V+ = 15V, V-=-15V| -100 | 

VIN = 5V 25 

| Power OffOutputCurrent =| —stPo—[Vo=26V,V+=V-=0V | -10 


RSRA = 2k 7.6 8 
Ri = 450, Ci = 50pF 7.6 8 


Ri = 450, Ct = 50pF 
Ri = 450, Ci = 50pF 
Ri = 450, Ci = 50pF a 
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UC5172 


AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


10ns 10ns 


OUTPUT 
VIN = OV 


OUTPUT 
VIN = 5V 





AC CHARACTERISTICS 


Driver Slew Rate Driver tR & tF (10-90%) EIA-423A Mode 


5.00 


Slew Rate V/us 


7) 
= 
® 
E 
i 
c 
2 
_ 
“a 
= 
ws 
fon 
~ 


0 


0 2.00 4.00 6.00 8.00 10.00 
RsrRaA kQ 





APPLICATIONS Waveshaping of the output lets the user control the level 
Slew Rate Programming of interference (near-end crosstalk) that may be coupled 
to adjacent circuits in an interconnection. The recom- 
mended output characteristics for cable length and data 
rates can be found in EIA standard EIA-423A. Approxima- 
tions of these standards are given by the following equa- 
tions: 


VALS = a (RSRA in k&2) Max. Data Rate = 300/t (For data rates 1k to 100k bit/s) 
Max. Cable Length (feet) = 100 x t (Max. length 4000 
The slew rate resistor can vary between 2k and 10kQ feet) 
which allows slew rates between 10 to 2.2V/us, respec- 
tively. The relationship between slew rate and RSRA is 
shown in the typical characteristics. 


Slew rate for the UC5172 is set up by a single external re- 
sistor connected between the SRA pin and ground. Slew 
rate adjustments can be approximated by using the fol- 
lowing formula: 


where t is the transition time from 10% to 90% of the out- 
put swing in microseconds. For data rates below 1k bit/s t 
may be up to 300 microseconds. 
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APPLICATIONS 


UC5172 


| EIA232E/V.28 EIA423A/V.10 [ 
DATA TRANSMISSION | 


+V 


TWISTED PAIR 
OR 
FLAT CABLE 





Specific Layout Notes 


The UC5172 layout must have bulk bypassing close to 
the UC5172; peak slew currents when ail 8 drivers slew 
at once in the same direction is over 500mA. Some appli- 
cations mount the UC5172 on a bulkhead, or isolated 
place for RFl/FCC/VDE reasons. If bulk bypassing is not 


used the -10 volt supply has gone below 8.5 volts causing 


the slew rate control circuit to become unstable. 


Power Sequence issue, if the +10 volts is applied before 
the -10 volts the output will oscillate at 100kHz. This is a 
problem with some terminal designs where the +10 volts 
was derived from the power supply and the -10 volts was 
developed off of the flyback, a 500 millisec difference. 


General Layout Notes 


The drivers and receivers should be mounted close to the 
system common ground point, with the ground reference 
tied to the common point to reduce RFI/EMI. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 » FAX 603) 424-3460 


* TIE TO 
GROUND 
FOR EIA232E 


Filter connectors or transzorbs should be used to reduce 
the RFI/EMI, protecting the system from static (ESD), and 
electrical overstress (EOS). A filter connector or capacitor 
will reduce the ESD pulse by 90% typically. A cable 
dragged across a carpet and connected to a system can 
easily be charged to over 25,000 volts. This is a metal to 
metal contact when the cable is connected to the system 
(no resistance), currents exceed 80 amps with less than a 
nanosecond rise time. A transzorb provides two functions, 
the device capacitance inherently acts as a filter capaci- 
tor, and the device clamps the ESD and EOS pulses 
which would pass through the capacitor and destroy the 
devices. The recommended transzorb for the UC5172 is 
P6KEIOCA. 


*Transzorb is a trademark of General Semiconductor 
Industries. 
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INTEGRATED 
CIRCUITS 


me UNITRODE 


Octal Line Receiver 


FEATURES 


¢ Meets EIA 232E/423A/422A and CCITT 
V.10,V.11, V.28, X.26, X.27 


¢ Single +5V Supply--TTL Compatible 
Outputs 


¢ Differential Inputs Withstand + 25V 


e Low Open Circuit Voltage for Improved 
Failsafe Characteristic 


¢ Reduced Supply Current--35 mA Max 
e Input Noise Filter 


¢ Internal Hysteresis 


CONNECTION DIAGRAMS 
DIL-28 (TOP VIEW) 
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UC5180C 


DESCRIPTION 


The UC5180C are octal line receivers designed to meet a wide range 
of digital communications requirements as outlined in EIA standards 
ElA232E, EIA423A, ElA422A, and CCITT V.10, V.11, V.28, X.26, and 
X.27. The UC5180C includes an input noise filter and is intended for 
applications employing data rates up to 200 KBPS. A failsafe function 
allows these devices to "fail" to a known state under a wide variety of 
fault conditions at the inputs. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage; VCC s4.s a iakegae soviersiaxs 4a54es wan ee eadaewe oo 7V 
Output Sink Current... 0.0.0.0... ccc cece eee eee ee enna 50 mA 
Output Short Circuit Time .... 6... cece tet eee ees 1 Sec 
Common Mode Input Range............ 0. ccc cece eee e nee 15V 
Differential Input Range........ 0... 0. ccc ce ee eee tenes 25V 
Failsafe Voltage... 0.1... ccc cc eee tte eee e eee eeees -0.3 to Vcc 
PLCC Power Dissipation, TA = 25°C (Note 2)..............0000 1000 mW 
DIP Power Dissipation, TA = 25°C (Note 2) ............0 0c eee 1200 mw 
Storage Temperature Range.............. 0c cece eee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds).............. 0.0000 ee -300°C 


Note 1: All voltages are with respect to ground, pin 14. Currents are positive 
into, negative out of the specified terminal 

Note 2: Consult Packaging Section of Databook for thermal limitations and 
considerations of package. 


PLCC-28 (TOP VIEW) 


B- Ao A+ A- Vcc HO H+ 


D+ Do GND E- E+ Eo F- 
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UC5180C 


DC ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = 0°C to +70°C, Vcc 
= 5V + 5%, Input Common Mode Range + 7V, TA=TJ 


TEST CONDITIONS | ucsisoc _| UNITS 


3V s| VIN | s 25V 

Inputs Open or Shorted 
Together, or One Input 27 
Open and One Grounded VFAILSAFE = Voc 

(See Figure 1) 
(See Figure 1) 









PARAMETERS 


DC Input Resistance 


Failsafe Output Voltage 








VoFs 





” 
< 
= 
a] 
Le] 
r 


Differential Input High VTH 
Threshold 

_ Differential Input Low VTL 
Threshold 


Hysteresis 











o 3 (3 Ee Ss 


ee acenanend 
Vi = 1V, lout = - 440A . 


Note 4 


Short Circuit Output 
Current 


Supply Current Icc |4.75V <Vcc s5.25V 


Input Current her Inputs Grounded VIN = +10V 
- VIN = -10V -3.25 


Note 2: Res is a resistor in series with each input. 

Note 3: Measured after 100ms warm up (at 0°C) © 

Note 4: Only 1 output may be shorted at one time 
and then only for a maximum of 1 sec. 


NO 
N 
G ies 
~~ IO N“ 
N 


313 3 
>|>| > 





VtL1 Vtn1 0 VtL2 VtH2 VIN 





Figure 1. ViL, VtH, VH Definition 


AC ELECTRICAL CHARACTERISTICS: Vcc = 5V + 5%, Ta = 0°C to + 70°C, Figure 2, TA= Ty. 

























PARAMETERS SYMBOL TEST CONDITIONS -uoste0G | UNITS 
Propagation Delay - Low to High Ci = 50pH, VIN = + 500mV | =| 550 «| ons 
Propagation Delay - High to Low tet _|CL = 50pH, VIN = + 500mV || 550 | ns | 
Acceptance Input Frequenc | Unused Input Grounded, VIN = + 200mV | ss | od] MHz | 
Rejectable Input Frequenc : | fk | Unused Input Grounded, Vin = + 500mV 55 | MHz 
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V FAILSAFE 


UC5180C 


INPUT 
(Vin+ - Vin™ ) 


tPLH 


OUTPUT 





Figure 2. AC Test Circuit 


APPLICATIONS INFORMATION 


Failsafe Operation 

These devices provide a failsafe operating mode to 
guard against input fault conditions as defined in 
EIA422A and EIA423A standards. These fault condi- 
tions are (1) drive in power-off condition, (2) receiver not 
interconnected with driver, (3) open-circuited. intercon- 
necting cable, and (4) short-circuited interconnecting 
cable. If one of these four fault conditions occurs at the 
inputs of a receiver, then the output of that receiver is 
driven to a known logic level. The receiver is pro- 
grammed by connecting the failsafe input to Vcc or 
ground. A connection to Vcc provides a logic "1" output 


EIA232E/V.28 / EIA423A/V.10 DATA TRANSMISSION 


ay 


EIA422A/V.11 | 
LINE -V 
DRIVER ‘| 
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under fault conditions, while a connection to ground 
provides a logic "0". There are two failsafe pins (Fs1 
and Fs2) on the UC5180C where each provides com- 
mon failsafe control for four receivers. 


input Filtering (UC5180C) 

The UC5180C has input filtering for additional noise re- 
jection. This filtering is a function of both signal level 
and frequency. For the specified input (5.5 MHz at +500 
mV) the input stage filter attenuates the signal such that 
the output stage threshold levels are not exceeded and 
no charge of state occurs at the output. 


“TIE TO 
GROUND 
FOR EIA232E/V.28 


o VFAILSAFE 


© VFAILSAFE 





INTEGRATED 
CIRCUITS 


mee UNITRODE 


Octal Line Receiver 


FEATURES 


e Meets EIA232E/423A/422A and CCITT 
V.10, V.11, V.28, X.26, X.27 


e Single +5V Supply—TTL Compatible 
Outputs 


¢ Differential Inputs withstand +25V 


e Low Open Circuit Voltage for Improved 
Failsafe Characteristic 


e Reduced Supply Current—35mA Max 


e Internal Hysteresis 


CONNECTION DIAGRAMS 
DIL-28 (TOP VIEW) 
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UC5181C 


DESCRIPTION 


The UC5181C are octal line receivers designed to meet a wide range 
of digital communications requirements as outlined in EIA standards 
EIA232E, ElIA422A, EIA423A and CCITT V.10, V.11, V.28, X.26, and 
X.27. The UC5181C is similar to the UC5180C, but without the input 
filtering. Thus, it covers the entire range of data rates up to 1OMBPS. A 
failsafe function allows these devices to “fail” to a known state under a 
wide variety of fault conditions at the inputs. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


SUPRIY VOllade: VCC eee od at eae eae eh net ai tne Gece Ma ee os 7V 
OUIDUUSIIK CUMGNL: sc. 0 iG aka ee Renae eee ae easter eat 50mA 
Output Short Circuit Time .. 0... 0... cee eee nes 1 Sec 
Common Mode Input Range.............. cece cee eee eee eens 15V 
Differential Input Range ....... 0... . ec eee eee ee eens 25V 
Failsafe Voltage.............. 2c cece eee ai tgle WOU Sale eee -0.3 to Vcc 
PLCC Power Dissipation, TA=25° C (Note 2)........... wees eee 1000 MW 
DIP Power Dissipation, TA=25° C (Note 2)............... aaa 1200 mW 
Storage Temperature Range .............0.c cece eee -65° C to +150° C 
Lead Temperature (Soldering, 10 seconds)...................04. -300° C 


Note 1: All voltages are with respect to ground, pin 14. Currents are positive in, 
negative out of the specified terminal. 

Note 2: Consult packaging section of Databook for thermal limitations and 
considerations of package. ; 


PLCC-28 (TOP VIEW) 


B- Ao A+ A- Vcc HO H+ 


D+ Do GND E- E+ Eo F- 
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UC5181C 


DC ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = 0°C to +70°C; Vcc 
= 5V +5%, Input Common Mode Range +7V, TA=Ty. 
































PARAMETER TEST CONDITIONS —weste1c {UNITS 
DC Input Resistance | RIN | 3V s |[ViIN|s25V 7 
Failsafe Output Voltage Vors_ {Inputs Open or Shorted [OzlouTs8MAVFAILSAFE=OV. | 
Together, or One Input Open 27 
and One Grounded OzlouT2-400pA, VFAILSAFE=Vcc 
VouT= 0.45V, louT = -440A (See Figure 
Threshold 1) Peal 
Differential Input Low VTL mV 
Threshold 1) 
VH 
Open Circuit Input Voltage |_Vioc | 


Oe si ee ee lt el 
Vo ViD = 1V, louT = -440 uA ; 
7 eee 


louT=8 mA 


Icc_ _|4.75V sVccs5.25V 


Other Inputs Grounded VIN = +10V 
VIH = -10V 


Note 3: Res is a resistor in series with each input. 

Note 4: Measure after 100 ms warm up (at 0°C). 

Note 5: Only 1 output may be shorted at a time and then only for a 
maximum of 1 sec. 

Note 6: The delays, either tPLH or tPHL, shall not vary from receiver to 
receiver by more than 35ns. 


Input Capacitance 
High Level Output Voltage 
Low Level Output Voltage 


Short Circuit Output 
Current 


Input Current 


N 


NO 
N 








Vtu1 Vtrt 0 Vtr2 Vtn2 VIN 





Figure 1. VTL, VTH,VH Definition 


AC ELECTRICAL CHARACTERISTICS: Vec=5V #5%. Ta=0°C to +70°C, Figure 2 TA=Ty. 
PARAMETER 


CL=50 pH, Vin= +500 mV (Note 6 
Propagation Delay—High to Low CL=50 pH, ViN= +500 mV (Note 6 
Acceptable Input frequen 





tPLH 


_ OUTPUT 


V FAILSAFE 





Figure 2. AC Test Circuit 
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APPLICATIONS INFORMATION 

Failsafe Operation 

These devices provide a failsafe operating mode to guard 
against input fault conditions as defined in EIA422A and 


EIA423A standards. These fault conditions are (1) driver 


in power-off condition, (2) receiver not interconnected 
with driver, (3) open-circuited interconnecting cable, and 
(4) short-circuited interconnecting cable. If one of these 
four fault conditions occurs at the inputs of a receiver, 


EIA232E/V.28 / EIA423A/V.10 DATA TRANSMISSION 





lav 
lv 


EIA422A/V.11 
~ LINE 
DRIVER 





GENERAL LAYOUT NOTES 


The drivers and receivers should be mounted close to the 
system common ground point, with the ground reference 
tied to the common point to reduce RFI/EMI. — 


Filter connectors or transzorbs should be used to reduce 
the RFI/EMI, and protecting the system from static (ESD), 
and electrical overstress (EOS). A filter connector or ca- 
pacitor will reduce the ESD pulse by 90% typically. A ca- 
ble dragged across a carpet and connected to a system 
can easily be charged to over 25,000 volts. This is a met- 
ai to metal contact when the cable is connected to the 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 


UC5181C 


then the output of that receiver is driven to a known logic . 
level. The receiver is programmed by connecting the fail- 
safe input to Vcc or ground. Aconnection to Vcc provides 
a logic “1" output under fault conditions, while a connec- 
tion to ground provides a logic ”0". There are two failsafe 
pins (Fs1 and Fs2) on the UC5181C where each provides 
common failsafe control for four receivers. 


EIA423A/V.10 


‘TIE TO 
GROUND 
FOR EIA232E/V.28 


Oo VFAILSAFE ~ 


Oo VFAILSAFE 


system (no resistance), currents exceed 80 amps with 
less than a nanosecond rise time. A transzorb provides 
two functions, the device capacitance inherently ‘acts asa — 
filter capacitor, and the device clamps the ESD and EOS 
pulses which would pass through the capacitor and de- 
stroy the devices. The recommended transzorb for the 
UC5180C and the UC5181C is PEKE22CA. 


* Transzorb is a trademark of General Semiconductor 
Industries.. . 
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ae UNITRODE 


SCSI Active Terminator 


FEATURES DESCRIPTION 
* Fully monolithic IC solution The UC5601 provides precision resistive pull-up to a 2.9V reference for all 18 
- Complies with SCSI and SCSI-2 lines in a Small Computer Systems Interface (SCSI) bus cable. The SCSI-2 


standard recommends active termination at both ends of every cable segment 


standards ae ; 
utilizing single ended drivers and receivers. 


Provides active termination for 18 





lines Internal circuit trimming is utilized, first to reduce resistor tolerances to +/— 3% 
- Logic command disconnects all and then to adjust the regulator's output voltage to insure termination current 

terminating resistors accuracy of +/— 3%. 
- Low supply current in disconnect mode The UC5601 provides a disconnect feature which, upon a logic command, 
- Negative clamping on all signal lines disconnects all terminating resistors, and turns off the regulator; greatly 

reducing standby power. 

¢ Trimmed regulator for accurate 

termination current Other features include negative clamping on all signal lines, 20mA of active 
¢ Current limit and thermal shutdown negation sink current capability, regulator current limiting, and thermal shut- 

protection down protection. 
* Low dropout voltage regulator This device is offered in low thermal resistance versions of the industry 
* Low thermal resistance surface mount standard 28 pin wide body SOIC and PLCC, as well as a 24 pin DIL plastic 

packages package. 
ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS 
TOErmpwr Voltage .............cececcceececstssstsseeseceeeeeees +7V Termpwr Voltage .............ccccesceeeeeeeeeee 4.0V to 5.25V 
Signal Line Voltage......................cccceeeeeees OV to+ 7V Signal Line Voltage ................:c:ceeeeseseeeees OV to +3V 
Regulator Output Current...............ceeeecteeeeeeees 1A Disconnect Input Voltage .............. OV to Termpower 
Power Dissipation ...................ccceecceseeeneseeeeeeenes 2.5W 
Operating Junction Temperature ...-55°C to +150°C 
Storage Temperature .......... -65°C to +150°C 
BLOCK DIAGRAM 

REGULATOR er 
OUT 
= 


TERMPWR ist ies 
TERMINATION LINE 1 
TERMPWR 
<= by 
THERMAL 
o aX | SHUTDOWN || 
TERMINATION LINE 2 
1.5/1.3 > & 


DISCONNECT 29V 
COMPARATOR BANDGAP 


REFERENCE 110 Lo i 


TERMINATION LINE 18 : 





TERMPWR 


GROUND = INTERNAL 
aan 
=" DISCONNECT V, 
(LOW = CONNECT) 
12/92 Circuit Design Patent Pending 
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UC5601 


CONNECTION DIAGRAM UC5601 SCSI ACTIVE TERMINATOR PINOUT 


PIN NAME QP PKG |DWP PKGINPKG| PIN NAME QP PKG] DWP PKG|N PKG 
Pine | PIN# | PIN# pa PIN# | PIN# | PIN# 

1 14 12 24 6 7 

7 24 25 10 8 









TermPower Termination Line 5 
GND* Termination Line 6 
GND* Termination Line 7 
Termination Line 8 
Termination Line 9 

Termination Line 10 
Termination Line 11 
Termination Line 12 
Termination Line 13 
Termination Line 14 
Termination Line 15 
Termination Line 16 
Termination Line 17 
Termination Line 18 




































Reg Out 
Disconnect 
Termination Line 1 
Termination Line 2 
Termination Line 3 
Termination Line 4 






ODN OAD 







NLO9SON 






1 
2 
3 
4 
5 
6 
7 
8 
9 


—_ aA 
— Oo 


*On the QP package pins 12-18 serve as both heatsink, and electrical ground. On the DWP 
package only pin 28 serves as the electrical ground with pins 7-9, 20-22 as heatsink. 


dMQ+togson 





ELECTRICAL CHARACTERISTICS (unless otherwise, stated these specifications apply for T, = 0°C TO 70°C. Termpwr = 4.75V Disconnect = OV) 


PARAMETER TEST CONDITIONS ) min | typ | max | UNITS 











Supply Current Section 
| All termination lines = 0.5V a ee ee 


_ 
oO 


Power down Mode Disconnect = Open 0 


150 
Output Section (Termination Lines) | | 


Termination Impedance A Iterm = —-5mA to —- 15mA 107 
Output high voltage Termpwr = 4V (Note2) 2.65 ze hae 

Vout = 0.5V -21.1 -21.7 -22.4 
exOuer acer Cee a re a} 





Vout = 0.5V, Termpwr = 4V (Note 2) -19.8 -22.4 


Output Clamp level lout = — 30mA 
Output Leakage Disconnect = Open, Vin = OV to 5.25V 


Output Capacitance Disconnect = Open (Note 3 
Regulator Section 


Regulator output voltage 






) 
ho 


—h  f ok 
ojo 
b 
2 
o 
=] 
> 


no 
CO 
ro) 
5 
Te) 
Oo 
i) 
Pa) 
S16 


Line Regulation 


| 
ack 
(o>) 
= 
nN 
; 


ermpwr = 4V to 6V 
Reg = 0 to -400mA 
Drop out voltage All Termination lines = 0.5V A Vout = 100mV 


Short Circuit Current 
Current Sink Capability 


Load Regulation 






Regulator output = OV 
Vout = 3.5V 


fs oe 
| 
450 | -650_ | -250_ | mA 
Rees 
Late! 


°C 


Thermal Shutdown 
Disconnect Section 





Disconnect Threshold 
Threshold hysterisis - 


Input Current Disconnect = OV 


ak 
[ee] 


NOTE 1: Unless otherwise specified all voltages are with respect to Ground. 

Currents are positive into, negative out of the specified terminal. 
NOTE 2: Measuring each termination line while other 17 are low (0.5V). 
NOTE 3: Guaranteed by design but not 100% tested in production. 
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TYPICAL SCSI BUS CONFIGURATION USING THE UC5601 


TERMPWR 


REGULATOR 
OUTPUT 10uf 
ae 


UC5601 


DISCONNECT 


L 


O.1uf = 
a 


To Recievers 


Bus 
Driver 


To Recievers 


Bus 
Driver 


A LOOK AT THE RESPONSE OF A SCSI-2 CABLE 


Figure 1 shows a single line of aSCSI cable. The driveris an 
open collector type which when asserted pulls low, and when 
negated the termination resistance serves as the pull-up. 


Figure 2 shows a worst case scenario of mid cable de- 


assertion with a close proximity receiver. The voltage Vstep 
is defined as: 


Vstep = Vol + lo ZO 


Vol= Driver Output Low Voltage 
lo = Current from receiving terminator 
ZO = Cable characteristic impedance 
lo = Vreg-Vol 
110 


In the pursuit of higher data rates, sampling could occur 
during this step portion, therefore itis important to ensure that 
the step is as high as possible to get the most noise margin. 
For this reason the UC5601 is trimmed so that the output 
current (lo) is as close as possible to the SCSI max current 
spec of 22.4mA. The Termination impedance is initially 
trimmed on the IC to 110 ohms typical, then the regulator 
voltage is trimmed for the highest output current to within 


22.4mA. 
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UC5601 


TERMPWR 


REGULATOR 
OUTPUT 


UC5601 


DISCONNECT 


To Recievers 


Bus 
Driver 


To Recievers 


Bus 
Driver 





Receiver 


Figure 2. A Typical Response of a SCSI Cable 


UC5601 


THERMAL DATA (see packaging section of UICC data book for more details on thermal performance). 


QP package: 


Thermal Resistance Junction to Leads, 6jL 
Thermal Resistance Junction to Ambient, 0ja 


DWP package: 


Thermal Resistance Junction to Leads, @jL 
Thermal Resistance Junction to Ambient, @ja 


NOTE: The above numbers for @jL are maximums for the limiting thermal resistance of the package in a 
| standard mounting configuration. The 8ja numbers are meant to be guidelines for the thermal 
performance of the device/pc-board system. All of the above numbers assume no ambient airflow. 


POWER PLCC PACKAGE (QP SUFFIX) 


DIMENSIONS 







DIMENSIONS 


INCHES —_|MILLIME 





-4 
m 
D 
” 


he ° = 
5 
> 
x< 


[min | MAX | MIN 
A 10.11 | 10.51 
7.60 
|B | 698 | 706 [17.73 | 17.93 
| Cc |.096 | .104 | 2.44 | 2.64 
.004 | .012 | 0.10 | 0.30 

1.27 B 

1] .0125 | 





040 | 0.61 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL 603-424-2410» FAX 603-424-3460 








PACKAGE INFORMATION 


PIN NO. 1 
PIN NO. 1 IDENTIFIER 





PIN #1 IDENTIFIER 





C1 
SEATING PLANE 
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INTEGRATED UC5602 


cCIACUITS 
wee UNITRODE 
SCSI Active Terminator kaa! 
FEATURES DESCRIPTIONS 
* Fully Monolitic IC Solution The UC5602 is a pin compatible version of its predecessor, the UC5601, and 
: . ; : is targeted for high volume applications which require active termination, but 
Complies WEL EG oranovele not the high performance of the UC5601. The major differences are relaxed 
Standards nee ‘ 
output current and termination tolerances, and the absence of low side 
e Provides Active Termination for 18 clamps. 
eines The UC5602 provides 18 lines of active termination for a SCSI (Small 
¢ Logic Command Disconnects all Computers Systems Interface) parallel bus. The SCSI-2 standard recom- 
Terminating Resistors mends active termination at both ends of the cable segment, and SCSI-3 will 


- Low Supply Current in Disconnect Mode “ake it a requirement. 


The UC5602 provides a disconnect feature which, when opened or driven 
high, will disconnect all terminating resistors, and disables the regulator; 
greatly reducing standby power. The output channels remain high imped- 
¢ Current Limit and Thermal Shutdown ance even without Termpwr applied. 

Protection 


¢ Trimmed Regulator for Accurate 
Termination Current 


Internal circuit trimming is utilized, first to trim the impedance to a 7% 
¢ Low Dropout Voltage Regulator tolerance, and then most importantly, to trim the output current to a 7% 
tolerance, as close to the max SCSI spec as possible, which maximizes 


* Low Thermal Resistance Surface Mount noise margin in fast SCSI operation. 





Packages 
Other features include thermal shutdown, current limit, and 40mA of active 
negation sink current capability. 
This device is offered in low thermal resistance versions of the industry 
standard 28 pin wide body SOIC, PLCC and TQFP (thin quad flat pack). 
ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS 
Termpwr Voltage ...........cccsssssssssssecessseecesearens +7V Termpwr Voltage ...........ceccceesecrerees 4.0V to 5.25V 
Signal Line Voltage ..............sccesssssseesees OV to+7V Signal Line Voltage ............csssecsereesoes OV to+3V 
Regulator Output Current..............csssccecccessssneeeees 1A Disconnect Input Voltage............. OV to Termpower 
Power Dissipation ..............:ccccccsscssssssceceseeeesses 2.5W 
Operating Junction Temperature . .-55°C to +150°C 
Storage Temperature .................... -65°C to +150°C 
BLOCK DIAGRAM 


REGULATOR 
OUT 


TERM POWER 


THERMAL 


SHUTOOWN 
GROUND ) > 


: DS 


SOURCE/SINK 


TRI-STATE 
SIGNAL LINE 1 





(Low=Connect) 
DISCONNECT 
COMPARATOR 


POWER DRIVER ——Ww———__] 
be SIGNAL LINE 2 
DISCONNECT a 


2.9V 
BANDGAP 
REFERENCE | 7 "10 a 
= SIGNAL LINE 18 
INTERNAL 
SWITCH 
CONTROL 
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CONNECTION DIAGRAM UC5602 SCSI ACTIVE TERMINATOR PINOUT UC5602 


PIN NAME QP PKG [DWP PKGIN PKG] — PIN NAME QP PKG|DWP PKGIN PKG 
PIN# | PIN# | PIN# | PIN# | PIN# | PIN# 
1 14 12 24 6 Tage 
10 




























TermPower Termination Line 5 — 
GND* Termination Line 6 

GND* Termination Line 7 

GND* Termination Line 8 

GND* Termination Line 9 

GND* Termination Line 10 
GND* Termination Line 11 
GND* Termination Line 12 
Reg Out Termination Line 13. 
Disconnect Termination Line 14 
Termination Line 1 Termination Line 15 
Termination Line 2 Termination Line 16 
Termination Line 3 Termination Line 17 
Termination Line 4 Termination Line 18 | 


*On the QP package pins 12-18 serve as both heatsink, and electrical ground. On 
the DWP package only pin 28 serves as the electrical ground with pins 7-9, 20-22 
as heatsink. , 


ELECTRICAL CHARACTERISTICS: Unless otherwise, stated these specifications apply for Ta = 0°C TO 70°C. 
Termpwr= 4.75V Disconnect=OV , | 


/—panaweteR [Test conomons [wn | 1 | wax | unre 


Supply Current Section __ 


Termpwr Supply Current All termination lines = Open ae es ae ee mA 


| All termination lines = 0.5V_ 


Power Down Mode Disconnect = Open Pt 150. 


Output Section (Termination Lines) 
| Q 
129 Q 


Termination Impedance A Iterm = -5mA to — 15mA Ty=25°C 

Output High Voltage Termpwr = 4v, (Note 1) Ty=25°C | 26 6 6| 29 | 
x 
22.4 


| tio | 
| ee) 
| 24 
: re 
Max Output Current Vout = 0.5V Ty=25°C -22.4 


Max Output Current | Vout = 0.5V Ty=25°C -21.4 
Overtemp 
Output Leakage Disconnect = Open, Vin = OV to 5.25V ee Se 400 


110 

2.9 

10 
Output Capacitance Disconnect = Open (Note 3) 


Regulator Section 
Regulator Output Voltage Ty 2.90 
cs 
Termpwr = 4V to 6V | aa 
| Reg = 0 to -400mA mes 
All Termination Lines = 0.5VAVout=100mVJ 
egulator Output = OV 
out = 3.5V ; 
ps 


1, 































Cc 
Oo 
a 
@ 
o. 
N 
z 


dMdazc09son 



























po 
wo —_h, 
aime fos) 


wo 
nm 







; Go}: 
N 
2 . 


i 
nm 
uo 

° 
\?) 


a0 


Regulator Output Voltage 3 


Line Regulation 
Load Regulation 





_ 
fo) 


Drop Out voltage 
Short Circuit Current 
Current Sink Capability 


<| 2D 


9 
0 
0 


2. 
| to 
10 
= 


Thermal Shutdown 
Disconnect Section 





— 
> 


Disconnect Threshold 


1 
20 
50 
1.2 
1.7 
Threshold hysterisis 
200 


~h 
OT 
>) 
cc 
5 


Input Current Disconnect = OV _ 


NOTE 1: Unless otherwise specified all voltages are with respect to Ground. 
Currents are positive into, negative out of the specified terminal. 
NOTE 2: Measuring each termination line while other 17 are low (0.5V). 
NOTE 3: Guaranteed by design but not 100% tested in production. 
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TYPICAL SCSI BUS CONFIGURATION USING THE UC5602 


2.2uF 
TERMPWR mi i 


REGULATOR 
OUTPUT a 4.7yF  4.7pF 


DISCONNECT 


UC5602 


To Receivers 


Bus 
Driver 


To Receivers 


Bus 
Driver 


A LOOK AT THE RESPONSE OF A SCSF2 CABLE 
Figure 1 shows a single line of aSCSI cable. The driver is 
an open collector type which when asserted pulls low, and 
when negated the termination resistance serves as the pull- 
up. 

Figure 2 shows a worst case scenario of mid cable de- 
assertion with a close proximity receiver. The voltage 
VSTEP is defined as: 


VsTeEP = VOL +10 Zo 


VoL = Driver Output Low Voltage 
lo = Current from receiving terminator 
Zo = Cable characteristic impedance 
lo = VREG-VOL 
110 


In the pursuit of higher data rates, sampling could occur 
during this step portion, therefore it is important to ensure 
that the step is as high as possible to get the most noise 
margin. For this reason the UC5602 is trimmed so that the 
output current (lo) is as close as possible to the SCSI max 
current spec of 22.4mA. The Termination impedance is 
initially trimmed on the IC to 110 ohms typical, then the 
regulator voltage is trimmed for the highest output current to 
within 22.4mA. 
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2.2uF 
TERMPWR ac 


REGULATOR 
SuTeUT DISCONNECT < 


UCS602 
T18 


To Receivers 


Bus 
Driver 


To Receivers 


Bus 
Driver 





Figure 1. A Single Line of a SCSI Cable 


_ 


Figure 2. A Typical Response of a SCS| Cable 


UC5602 


Receiver 





UC5602 


THERMAL DATA: (see packaging section of UICC data book for more details on thermal performance) 


QP package | 
Thermal Resistance Junction to Leads, OjL .............cccesseceeeceeeeeeeees 15°C/W 
Thermal Resistance Junction to Ambient, OjA..................::000 30°—40°C/W 

DWP package: 3 
Thermal Resistance Junction to Leads, OjL ....... ee cece eee 18°C/W 

* Thermal:Resistance Junction to Ambient, OjA............... eee 33°—43°C/W 


NOTE: The above numbers for 6jL are maximums for the limiting thermal resistance of the package in a standard mounting 
configuration. The 6jA numbers are meant to be guidelines for the thermal performance of the device/pc-board system. 
All of the above numbers assume no ambient airflow. 


PACKAGE INFORMATION 


POWER PLCC PACKAGE (QP SUFFIX) 


PIN NO. 1 


DIMENSIONS PIN NO. 1 IDENTIFIER 





PIN #1 IDENTIFIER 








tip (4 


Ci 
SEATING PLANE 
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Max Output Current vs Temp. 


MAX OUTPUT CURRENT 


QO 25 
TEMPERA TURE 


VREF vs VIN 


Pg LINES = 0.5V 
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NOMINAL IMPEDANCE 


UC5602 


VREF vs Temp. 


0 25 
TEMPERATURE 


Output Impedance vs Temp. 


0 25 


TEMPERATURE 











mec UCs603 


mee UNITRODE PRELIMINARY 
9-Line SCSI Active Terminator 
FEATURES DESCRIPTION 
Complies with SCSI and SCSI-2. The UC5603 provides 9 lines of active termination for a SCSI (Small 
Standards Computers Systems Interface) parallel bus. The SCSI standard recom- 


© Provides Active Termination for 9 Lines ends active termination at both ends of the cable segment. 


The UC5603 Provides a disconnect feature which, when opened or 

| driven high, will disconnect all terminating resistors, and disables the 

* -300mA Sourcing Current for regulator; greatly reducing standby power. The output channels remain 

Termination high impedance even without Termpwr applied. A low channel capaci- 

* — 4300mA Sinking Current for Active tance of 6pf allows units at interim points of the bus to have little to no 
Negation effect on the signal integrity. 


Functionally the UC5603 is similar to its predecessor, the UC5601 - 18 
line Active Terminator. Several electrical enhancements were incorpo- 
rated in the UC5603, such as a sink/source regulator output stage to ac- 
¢ 0.7V Dropout Voltage Regulator commodate all signal lines at +5V, while the regulator remains at its 
nominal value, reduced channel capacitance to 6pf typical, and as with 
the UC5601, custom power packages are utilized to allow normal opera- 
tion at full power conditions (1.2 watts). 


¢ Power Regulator Output Stage 


e 6pf Channel Capacitance during 
Disconnect 


e Logic Command Disconnects all 
Termination Lines 


¢ 100nA Supply Current in Disconnect 


Mode Internal circuit trimming is utilized, first to trim the impedance to a 3% 
tolerance, and then most importantly, to trim the output current to a 3% 
¢ Trimmed Termination Current to 3% tolerance, as close to the max SCSI spec as possible, which maximizes 


* Trimmed Impedance to 3% noise margin in fast SCSI operation. 
ar Other features include negative clamping on all signal lines to protect 
* Negative Clamping on all Signal Lines a ternai circuitry from latch-up, thermal shutdown and current limit. 


¢ Current Limit and Thermal Shutdown 


Protection 
e Low Thermal Resistance Surface 
Mount and Zip Packages 
BLOCK DIAGRAM 


Term Power 


Term Power | Reg Out 
4.0V-5.25V a 


Signal Line 1 
Thermal Tri-State : 
Shutdown Re 
ee 10pA 
\ Source/Sink | 
id Power Driver Signal Line 2 | 
- Disconnect <i Term Power 
G= Comparator 


Term Power 





ge) 2.9V 
=~ sicaees Bandgap 
= (Low = Connect) ; Reference 


Signal Line 9 


internal . Switch 
Bias Control 


Circuit Design Patent Pending 
2/93 
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ABSOLUTE MAXIMUM RATINGS 


Termpwr Voltage ........ 0... cc eee eee eee +7V 
Signal Line Voltage.......... 0.0.0.0... cee eee OV to +7V 
Regulator Output Current. .......... 0.0... cee ee ees 0.5A 
Power DISsipalion ..4.4705 6 e$ SA Ceed EW ORO GS 2W 
Operating Junction Temperature .......... -55°C to +150°C 
Storage Temperature ................... -65°C to +150°C 


CONNECTION DIAGRAMS 


SOIC-16 (TOP VIEW) 
DP Package 


* DP package pin 5 serves as electrical ground; pins 4, 


12, 13 serve as heatsink. 
PACKAGE PIN 
FUNCTION 







PLCC-28 (TOP VIEW) 
QP Package 
















[FUNCTION | "PIN _ 

N/C 1-4 | 

[Reg Out | 5 _ 

a SST “tines | 6 
is 25) | line? | 8 
[tines | 9 | 
Disconnect | 20_| 

12 19.14 15 16 17 48 
tine? | 22 
[tines | 23 
[Termpwr | 25 | 

26 - 28 





* QP package pins 12 - 18 serve as both heatsink and electri- 
cal ground. 


Note: Drawings are not to scale. 





UC5603 


RECOMMENDED OPERATING CONDITIONS 


Termpwr Voltage ...... 0... . cece eee 3.8V to 5.25V 
Signal Line Voltage. ........... 0.0.0. cc cee eee OV to +5V 
Disconnect Input Voltage ................ OV to Termpower 


DIL-16 (TOP VIEW) 
N or J Package 


Line 5 
Reg Out 
N/C 
N/C 
Disconnect | 6 | Termpwr 


Line 4 


‘Line 3 










ZIP-16 (TOP VIEW) 
Z Package 






FUNCTION 
| PIN 
| RegOut | 1 
| tines | 2 
| ier 


3 


Line 7 4 


| line? | 4 
| lines | 5 
Pi 

| 7 | 



















7 

| Gnd | 8k 
Gnd | 
| Gnd | 10 
: 


P42 
| Linea | 13 | 
| lineS | 14 
| Lines | 15 | 
| Termpwr | 16 
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UC5603 


ELECTR ICAL CH AR ACTE RISTICS (Unless otherwise, stated these specifications apply for TA=0°C to 70°C. Termpwr iS 
4.75V Disconnect = OV) ~~ 


PARAMETER = TEST CONDITIONS MIN | TYP | MAX [UNITS 


Supply Current Section 













|_TermpwrSupply Current | Alliterminationlines=Open | | 12 | 18 | mA 
| TermpwrSupply Current | Alllterminationlines=0.5V || 200 | 220 | ma | 
| PowerDownMode | Disconnect=Open | 100 | 150 | BA 
| Terminatorimpedance item ==5mAto-15mA ss t07 | 110 | 113 [Ohms 
| OutputHigh Voltage Termpwr=4v(Note2) | 7 | 9 | 
| Max Output Current = |Vour=5V sd tt | 21.9 | 22.4 | mA_| 
| Max OutputCurrent_ | Vout = 0.5V, Termpwr=4V(Note2) | -19.8 | -21.9 | -22.4 | mA_| 
|__OutputClampLevel ou =-30mA Cd 02 | 0.05 | 1 | Vv 

Output Leakage ____|Disconnect = Open, Termpwr=OVto5.25V_ | | 10 | 400 | nA_| 

Output Capacitance Disconnect =Open(Note3) | | | 10 | 


Regulator Section 





Regulator Output Voltage Le oe ee ee eee 
| Regulator Output Voltage =——s* Al TerminationLines=5V ss —CiaEC B|| 2D | 3B [| VY 
| LineRegulation == (Ss Teermpwr = 4V to 6V || to | 20 | mv 
| LoadReguiation == —~—~—C=idiREGV| =410OMALtO-100MA— s— —“—«i‘YSSSCsésT:s«Cé2'||sS5100_- |[{_ mv | 
| DropOutVoltage = —~—‘—~CSC*d AI Termination Lines =O.5SVE (Ci | 7 | ct CV 
| ShortCircuitCurent VEG OV —“=‘i*‘—S™s*~*~*~SCSCSCSCS;sC-200 |, -400 | -600 | mA | 
| Sinking Current Capability == [VEG =35V—— —“‘“CS™COC#Y:S#QON’:* |: 400 | G00 | mA | 
| Teer Shlomi 
ae Ee eee oe 
Disconnect Section 7 | 2 | 
| Disconnect Threshold | ——s—s—“‘—s‘“‘s‘“‘“‘“‘S;OCSSC(*d a LL 7 
| ThresholdHysteresis | —ttst—“‘CS™CSC;™;™;™;™;CCCC~™CCCC‘*dC:«CAM | 1060 | 250 
| InputCurrent == ——*é—‘“C™CSC*d@Disconect== OVE — —“(‘“C;S*S*S*S*@rLSCSC*édL:«C@dDMCQST:«sS4'5sd|s A 


Note 1: Unless otherwise specified all voltages are with respect to Ground. 
Currents are positive into, negative out of the specified terminal. 

Note 2: Measuring each termination line while other 8 are low (0.5V). 

Note 3: Guaranteed by design but not 100% tested in production. 


THERMAL DATA. 
QP package: (see packaging section of UICC data book for more details on thermal performance) 
| Thermal Resistance Junction to Leads, OfL . 1... eee cee tee eee 15°C/W 
Thermal Resistance Junction to Ambient, 6j€........... 00 ccc eee eee eee 30°-40°C/W 
DP,Z packages: | 
Thermal Resistance Junction to Leads, OjL . 1... eee tte eee eees 20°C/W 
Thermal Resistance Junction to Ambient, 6ja............... ealen dean ae we eak 40°-50°C/W 
N packages: . ; | 
- Thermal Resistance Junction to Leads, OL .... 6. cee eee Se er en 50°C/W 
_ Thermal Resistance Junction to Ambient, 6ja................04. nud Sasutea aes 95°-105°C/W 
J packages 
Thermal Resistance Junction to Leads, 6jL ...............6. ee ainass Sa es each es 40°C/W 
Thermal Resistance Junction to Ambient, 9ja.. 0... 0... ccc ee ee ee eee eee 75°-85°C/W 


Note: The above numbers for ®@jL are maximums for the limiting termal resistance of the package in a standard mounting configura- 
tion. The @ja numbers are meant to be guidelines for the thermal performance of the device/pc-board system. All of the above 
numbers assume no ambient airflow. 
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UC5603 
PACKAGE INFORMATION 


POWER PLCC PACKAGE (QP SUFFIX) 


in No. 1 
Pin No. 1 Identifier 





POWER SOIC PACKAGE (DP SUFFIX) 


mesons 
wens | mLuweTERS no se 
fase [wT ax A 


ot | 019 | 026 | 048 


ami 
F a 0.55 (0.022) | a4 whe 


0.3 
(0.012) 
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To Drivers 
and Receivers 


APPLICATION INFORMATION 


Disconnect Termpwr 


UCS5603 Regulator 


Output 
R1 R9 
ee @ 


Control Bits 


Termpwr 


To SCSI Bus 


Disconnect Termpwr 


UCS5601_ —— Regulator 
Output 


R1 R9 


ee @ 
Data Bits 


UC5603 


Termpwr 





Figure 1: Typical Wide SCSI Bus Configurations Utilizing 1 UC5601 and 1 UC5603 Device 


Termpwr 


? Disconnect Termpwr i 


UC5603 


Regulator 
Output 


Control Bits 


To Drivers 
and Receivers 


Disconnect Termpwr 


UC5603 Regulator 
Output 


R1 R9 


e@e3°@ 
Data Bits 


To SCSI Bus 


Disconnect 


Termpwr 


UC5603 Regulator 


Al 


Output 


Ag 


eee 
Data Bits 


Figure 2: Typical Wide SCSI Bus Configurations Utilizing 3 UC5603 Devices. 





UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 
TEL. (603) 424-2410 * FAX (603) 424-3460 
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UC5661 


Ethernet Coaxial Impedance Monitor 


FEATURES 
Compatible with IEEE 802.3 10Base5, 
10Base2, and 10BaseT 


Preset and Adjustable Data 
Thresholds 


Protects DTE from Spurious Data 


Prevents Erroneous Transmission 
Through Repeaters 


Detects Cable Termination Errors 


Detects Cable Impedance Errors 


BLOCK DIAGRAM 


DESCRIPTION 

The UC5661 is a monolithic integrated circuit which functions as an Ethernet 
Coaxial Impedance Monitor (CIM). This IC is intended to augment the 
receive (RX) function of IEEE 802.3 Coaxial Transceiver Interface (CT]) 
circuits. The UC5661 implements a hardware algorithm patented by Digital 
Equipment Corporation to detect reflections on the Ethernet coaxial cable 
or twisted pair which are caused by improper network termination or physical 
medium damage. If a physical problem is detected, the UC5661, whose 
receiver outputs operate in parallel with the CTI, immediately squelches the — 
receive data, preventing the propagation of invalid network packets. During 
ordinary operation, the CIM RX outputs enable at the beginning of the data 
packet preamble, making it transparent to normal CTI functions. The valid 
data threshold, although preset for thick and thin-wire Ethernets, may be 
adjusted with the addition of one or two external resistors to meet 10BaseT 
requirements. 


A secondary system design feature is provided by the UC5661. A the 
completion of a normal data transmission, the CIM Squelch activates much 
faster than typicai transceiver ICs. The receiver outputs of the UC5661 have 
been designed to properly terminate the data packet, even with RX data 
transformers as small as 16uH, possibly allowing for smaller and less 
expensive system implementations. In these cases, end-of-packet squelch 
overshoot will be held to less than 100mV. 





12/92 


7-101 





UC5661 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 
Supply Voltage (Pins 1 & 8) 0.0.0... eeeeeseseerereeeeeees - 15V 

Input Voltage (Pin 5) oo... +2 to - 10V DIL-8 (Top View) 
Operating Temperature Range J or N Package 

LIC SOG. sacar cose testece se cone staeceteenduns cevasyeaue 0°C to 70°C 

Junction Temperature (Note 1) 

WIC DGG 4 eds cecectaseseceseescey toes acecususte tes santencn aeasaumedoset 125°C 

Storage Temperature Range .................. - 55°C to 150°C 

Lead Temperature (Soldering, 10SEC) .................. 300°C 


Note 1: The devices are guaranteed by design to be 
functional up to the absolute maximum junction 
temperature. 





DC Electrical Characteristics: Unless otherwise stated, these specifications apply for T,=0°C to 70°C, Vee = 
PVee = -9.0V, and R, = 500 ohms, T,=T.. 


PARAMETER 
Supply Current 


TEST CONDITIONS 
Outputs locked or Unlocked, Unloaded 
RXI = OV 
RXI = - 2V to OV 
Note 1 
Pin 7 = open 


Input Bias Current 

Input Shunt Resistance 

Input Shunt Capacitance 

Vneg (Valid Data Reference) 

RX Output Voltage High (Squelch) 
RX Output Voltage Low (Enable) 
Output Short Circuit 

Valid Data Threshold 

Data Reflection Threshold 


RX(+) = RX(-) = 9V 








Note 1: This parameter guaranteed but not tested. 


AC Electrical Characteristics: Unless otherwise stated, these specifications apply for T,=0°C to 70°C, Vee = 
PVee = -9.0V, and R, = 500 ohms, T,=T.. 

PARAMETER 
T 4 RX Enable Delay 
Tus RX Disable Delay 
T..¢ RX (+) to RX (-) Falling Edge Skew 
Tq RX (+) to RX (-) Rising Edge Skew 
T 59, RX Squelch Delay 


TEST CONDITIONS 
see figure 1, 2 


O| Oo] 9g 


hj 
“[ oO 
or; © 


see figure 1, 2 
see figure 1, 2 


see figure 1, 2 





see figure 1, 3 230 


1150 


2000 
1500 


Tre, RX Release Delay see figure 1,3 
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UC5661 





-9V 
FIGURE 1: SWITCHING TEST CIRCUIT 


RX! (5MHz) OV 
Vneg | | | | | | | | + veg 
-----54--- 1.1V 


RX (+) EN DIS — 
Von (-1.2v) | aia Cena (aaa 1 
VoL (-3.2v) mal gape Ok ae ----- He = 
—P ~— 
mae Trs F 10% 
90% 
<q— 
TEs 





RXI (oV) ae 
Be eee Were: (ees Wee ge dete ele Set lias 2 ey oh Sed As Wes alee ROG 


i Ss OR ers ee Se - zu - - -2.6V 


RX (+) / RX (-) 





FIGURE 3: SHORT DETECT TIMING DIAGRAM 
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UC5661 





NETWORK COAX 







DC TO DC 
CONVERTER 


7 INPUT VOLTAGE 
FROM AUI 
CABLE 


Ie 


RX DATA 
TO AUI 
CABLE 


FIGURE 4: TYPICAL APPLICATION 


Figure 4 shows the UC5661 (SDI) being used with a Coaxial 
Transceiver Interface (CTI) device. The primary function of 
the SDI is to detect LAN cable shorts (or other impedance 
matching problems) and appropriately squelch the RX out- 


puts of the CTI device to prevent the transmission of cor- | 


rupted network data. The secondary function of the SDI is to 
provide improved RX squelching at the completion of a 
normal data transmission. 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054 
TEL. 603-424-2410 » FAX 603-424-3460 


To perform the two functions, SDI uses two threshold volt- 
ages, Data Reflection Threshold (DRT), and the Valid Data 
Threshold (VDT). During transmission SDI looks for signal 
activity above ground and below ground. Inthe eventthatthe 
magitude of the input voltage exceeds DRT the outputs will 
be locked within 2uS and will remain locked for 0.5 to 1.5uS 
after the last edge below DRT (see figure 3). During signal 
activity below ground when the signal goes below VDT the 
outputs will unlock within 400ns. While unlocked, if the input 
exceeds VDT the outputs will lock within 250 to 475ns 
relative to the last positive going edge (figure 2). 
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Packaging Information 


Index 

Page 
Device Temperature Management .................-.-.+020-. 8-5 
Thermal Characteristics of Surface Mount Packages ............. . 8-8 
Package Drawings: 
S:Pin- Plastic: DIP“(IN): «4 4nd ae SE oe OS SG ROS ee we ew eS 8-13 
14-PincPlastic:DIP(N) | 6 aw ee ee ee Ps eS ee tS eS Se we ES 8-13 
1G-Pin-Plastic DIP-(N).. «, 6.2 4k aoe Sele oe we oe Bee es Bee 8-13 
16-Pif:Plasue DIP (N). «4-4 4\4.5-44 oo be Pee 2 & ae ede Bae ee 8-14 
20-Pin Plastic: DIPS(N): se-acte view. Boat He eet ea ee ee See Gm we a ee 8-14 
24-PinsPlastic DIP IN). | ce se. Ge: 4555s ex hd Se eg we we ee ee ae ee A eed 8-14 
28-Pin-PlastiC DIP IN): gus. s-Acave ce, Be aa eM Se See a we ees 8-15 
20-Pin-Piasuc PLCS (OQ): cect. atk oo wy Gee ee tee ee we SL, Ae ie H BSS ee 8-15 
23-Pin Plastic PLC G (GG) wks ot BG SSS eee Ree eRe eS Ee ES 8-15 
S-PIN OOIC (OO). aha, aver er ae ee & Hl epee. kw AS Bo So oe ee 8-16 
V4-Pin: SOIC(D) +4 cians ie whe Hed eed OSS OER SE SAS oS eS 8-16 
16-Piv SOIC(D): 24 45:22 e¢e> od 2 ome bdeo ewe Bet mee es 8-16 
16-PiSOIG(DW):: & 2g. 6. brie wee oe ee PE Ee Ae Be eee 8-17 
1G>PINSOIG (DW): fo 6 ge koe ee sh ee ee Oa ee Soe 8-17 
2O>PIN SOIC (OW)? 2 fw eek am 23 4 oe BS bh Bw ad ae we obs AS 8-17 
24-Pin SOIC (OW): 32-6. 6.22404, 648% ot Be 6G Ok ee Be be eS 8-18 
28-Pin SOIG (OW) 24244 6:¢244.48 One ee Oe eee Oe OR 8-18 
B-Pin Ceramic (ds):  c-s, ae & 4 oe 8 ee eee Ee ee Ee Sek 8-18 
VA Pin’ Ceramide sus! 4 oe Be OR eae a ee Se Re Ee eS 8-19 
1G-PIN-GeramiC()). 2.4 wate be eae ORS eG KE Me Ree oe EOL 8-19 
18: Pin: Ceramictd) | 2.2) «acu 65 ey aw ened So AR HD Oe we ROPERS 8-19 
24-PIMNCeraMIC tI) - a. a wt ake ee Se ae eS ee Bo eS oe DES SE OE 8-20 
29-Pin:-Ceramicdd)):.o = & as Bo eh ee Soe 8 Se Se EO 8-20 
3-Pin' TO=3 Metal: (K)* x css, woe: Adak ee a ee ee, Eee oe aN. ew Oe eS 8-20 
o-Fin 1O-S Metal) 4.2 -4-$o By BK Be he Soak eee SS SOR OS 8-21 
S=P in: 1O-220 PIASUC(T) «6. cve dosh ee ce, Sree Bicst ee tee Sts Rw a 8-21 
S-F ini TO-220 Plastic CE): «sue. wee oak oe gs & Gwe ere ee 6 eB ward 8-21 
3-Pin TO-257 Hermetic (G)* 2... et te tt es 8-22 
15-Pin Vertical Multiwatt(V) 2... 2.2.2... 2.00.00 02 2 ee ee eee 8-22 
15-Pin Horizontal Multiwatt(VH) ................2....2. 008. 8-22 
20 Pi CLOGUL) <2. te ed ea tee S Cee Soe eee BAR em eed 8-23 
COFiIN CLOG (L). 2.2 2d Vee ees oe ED eh ORES Be ES 8-23 
43-Pin: TQEPYUPQ). bear seeee se 5S Med OSE wee eae RS 8-23 
16-Pin Sidebraze DIP (SP)... 2... 2.0.0.0... 0.0... 0 ee ees 8-24 
16-Pin Zig-Zag In-Line (Z) 2... 2. ee ee 8-24 


*Consult factory for availability 
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DEVICE TEMPERATURE MANAGEMENT 


All circuit components will dissipate some power 
while operating and this causes their temperature to 
rise. Unitrode integrated circuits are designed to 
handle a considerable range of temperatures, but 
there are limits. Each part is characterized for a 
particular temperature range, arid the user must see 
to it that the specified limits are not exceeded. This 
brief note will give a few hints on how to do this. 


With the power turned off, all components of a given 
circuit will be at the same temperature as the 
ambient air (assuming, of course, that sufficient time 
has elapsed for all differences to settle). With the 
power on, the various components will be warmed 
up due to their internal power dissipation, until anew 
state of equilibrium is reached. In this state, some 
devices may be better than others, and the air 
temperature will also be higher than before, but for 
each device it will be true that the amount of heat 
transfer occurs between the device’s case and the 
air, as well as by conduction through the P.C. board, 
of heatsink, and from there to the air. 


Since all the heat is generated at the silicon chip, it 
is safe to assume that the chip must be hotter than 
the IC case; the case must be hotter than the air, or 
board, or heatsink; and the board or heatsink must 
be hotter than the air. In short, heat flows downhill, 
from points of higher temperature to cooler spots. 


The rate of heat flow depends on the temperature 
difference(AT) between the two end points, and also 
on a quantity calied "thermal resistance," which is 
represented by the symbol 6. Heat is a form of 
energy, and if we choose the joule as the measuring 
unit we can specify the rate of heat flow in units of 
joules per second. Therefore, 


Rate of heat flow a [joules per second] 


and since joules per second is the same as watts 
(W), we have 

AT», 
8 = WEE per watt] (1) 


The quantity 6 defines an important property of 
materials, with the better thermal conductors having 
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the lowest @ values, Since IC chips must be 
protected by a variety of packages, it is important for 
the user to know the thermal resistance 6 of each 
type of package, in order to make certain predictions 
about the behavior of the device in his circuit. 


Table 1 shows thermal resistance values for 
Unitrode IC packages. Thermal resistance junction 
to case (8jc) is measured by mounting the device to 
an essentially infinite heat sink. Power lead frame 
surface mount packages and the batwing DIP 
conduct the majority of the dissipated power through 
their leads rather than through the case. For these 
noted packages, the specified thermal resistance is 
junction to lead (6jl). 


Junction to ambient (@ja) thermal resistance is 
measured on a 5.0 square inch single sided PC 
board in still air. Because surface mount devices, 
including those without power lead frames conduct 
a significant amount of heat out to the PC board 
through their leads, the device and PC board must 
be considered as a system. To indicate this effect, 
the lower @ja given for surface mount packages is 
for the device mounted on a 5.0 square inch,0.062 
inch thick aluminum PC board. The relative behavior 
of other PC board types and a more detailed 
discussion on surface mounted devices are covered 
in more detail in "Thermal Characteristics of Surface 
Mount Packages" found elsewhere in this section. 


You will have noticed that Equation (1) is a sort of 
"thermal Ohm's law", and that if you know any of the 
quantities involved, you can calculate the third. With 
the 6 values given in Table 1, you can always 
calculate the junction temperature by measuring the 
net input power to the IC. 


Now, consider a device such as the UC3620. The 
data sheet gives us the following Absolute Maximum 
Ratings: 


Total Power Dissipation 


(TCASE + 75°C) 
Storage & Junction Temp 


25W 
. . - 40°C to + 150°C 








Packaging Information 


UICC PACKAGE RATINGS 


PACKAGE 
DESCRIPTION 


















PAGES | some a“ 

> id SOC~dSCSC™~C~“‘iNASSCSC~“‘“(RSC*C*C*‘éAOSS 
[op | & | SOG PowerleadFrame |__22()—S«dY SCS OTOCC*Y 
a 
| DWP | 28 | SOIC PowerleadFrame | 16(1) S| 80-50 
ree ee ee eee N/A 
[——For___[ 48 | SQFPPowerteadFrame | _25() ——*+| ~~ aat00 
[a | 3 | T0-257NonisolatedTab | a5 
Pea wete Nl eee  OOOOS Tc On as en IOs 
[ie fs ros issites tap fg go 
pA fe 8 | _Geramie Sip___7__gg___}_____igg_ 
[mae ene (ARS canes CRO =" ),-"1, 1) - Oe -e (N. ! 
SESE ee DET, Se Se 
pd ae] Ceramic Dip, | 
ge eee i ee ee 
Pe eae oe OO UCC! I ee ed 
as a a <i | Sere er ae eee 
fess oN eS eg ne ve Plas DIP 2 ad) ee AO se Oe 
iN ae AG ey Plasto Dipset | 
| oN | 6 | Plastic Batwing Dip | tt) | 
[Nts PlasticDip =] SSC~dSSC(‘;~;*~tSSCSCSCSCSCS 
ee NE 20. Moe <2 Plastic Dips 85 
ae ae eT a a a a 
re eM eae Nea ie OO | eee UC ee Ne bee A 
Poa NA ts 
| ap | 8] PLCC PowerleadFrame | 14(1) | SO 
Saks ONT 27 GREE DNS A: SERN SSO 
OP 10s CoramicMetal Dip 25 Sh et ee Od 
| sp | 2g | CeramicMetalDip_ | 
(sare a RN ae Ea aera Rr ees Eee 





Table 1. Thermal resistance of Unitrode IC packages 
Note 1: Specified thermal resistance is jl (junction to lead) where noted. 


Note 2: Specified 6ja (junction to ambient) is for devices mounted to 5.0 square inch FR4 PC board with one ounce copper. When 
resistance range is given, lower values are for 5.0 square inch aluminum PC board - see text. 


8-6 


Packaging Information 
We can sketch the curve below: 


ALLOWABLE 
POWER DISSP. 


OW 


0°Cc 50°C 100°C 


150°C 


CASE TEMPERATURE 


Athough the data sheet does not specifically state 
the derating factor, we can calculate it from the 
information given; it is the slope of the line from 
+75°C + 150°C. In this case, the value is —1/3W/°C 
at a case temperatures above +75°C. We note that 
the junction temperature anywhere along the curve 
is +150°C, and since this is the maximum allowable 
temperature, we must take steps to stay within the 
area below the curve. 


The thermal resistance can be found simply taking 
the reciprocal of the derating factor. In the case of 
our UC3620 for example: 


JC = 3°C/W 


which is also the value given in Table 1 for the 15-pin 
Multiwatt package. 


Suppose one intends to use the UC3620 at 2A 
continuous output current. The data sheet states 
that the total voltage drop at the output states is 3.6V 
maximum. At 2A, this will result in an internal 
dissipation of 7.2W. If the supply voltage is say, 36V, 
the quiescent current of 55mA maximum gives us an 
additional 2W of interna! heating, for a total of 9.2W. 
Furthermore, we decide to provide sufficient cooling 
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to keep the junction temperature at a maximum of 
100°C—for increased reliability. Suppose the 
ambient temperature is to be +50°C maximum. 
Then, our AT is 100°C - 50°C = 50°C, and the 
required thermal resistance from junction to air will 
be 

50°C ‘ 
OCA = 9.OW = 5.43°C/W 
We know already that @JC = 3°C/W. Mounting the IC 
to a heatsink will result in an additional thermal 
resistance in series. If you decide to use a mica 
insulator coated with thermal grease, you insert an 
additional 0.3°C/W (see any Semiconductor 
Accessories Catalog). Therefore, we need a 
heatsink with a @CA value of 


OCA = 5.43 -3 -0.3 = 2.13°C/W 


This is the maximum value of thermal resistance 
between mounting surface and air that will keep the 
junction temperature at or below the chosen value 
of 100°C. We need only to go through a heatsink 
manufacturer's catalog to find a suitable part or 
extrusion with the required @CA value. 
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THERMAL CHARACTERISTICS OF SURFACE MOUNT PACKAGES 


John A. O’Connor 


INTRODUCTION 


Surface mount packaging continues to expand 
market share, displacing dual in-line packages 
(DIPs) at an ever increasing rate. Smaller surface 
mount devices allow a significant increase in circuit 


density with a corresponding decrease in system | 


size. Miniaturization is not without penalty however, 
as thermal management can quickly dominate 
system packaging design. 


With the familiar DIP, the majority of heat is removed 
through the case. Typically, this is accomplished by 
convection air currents, although forced air or 
conduction cooling is often used in more demanding 
applications. Unlike the DIP however, the majority of 
heat is removed from surface mount packages 
through the leads. This means that the PC board 
design directly affects the thermal capability of 
surface mounted circuitry. For optimal thermal 
design, the integrated circuit, the package, and the 
PC board must be considered as a system. 


Many designers use steady-state thermal behavior 
(thermal resistance) to predict IC junction 
temperature. While this approach certainly is valid 
for devices subjected to continuous power 
dissipation, it often results in an overly conservative 
design when dissipation varies over time. 
Generating a model which accounts for transient 
thermal behavior allows the designer to fully exploit 
the system’s thermal mass. Instantaneous junction 
temperature can then be calculated, insuring 
reliability with minimal system size. 


THERMAL MODEL 


Figure 1 shows the basic model which is expanded 
for more complex situations. The power dissipated 
is represented by the current source. Resistance to 
heat flow is represented by the resistor, and the 
thermal mass is represented by the capacitor. The 
analogous thermal units for the current, thermal 
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resistance, and thermal capacitance are also shown 
in figure 1. Ground is ambient temperature, so all 
values are temperature rise above ambient. With 
more complex systems, it is usually easiest to 
initially convert to electrical units, analyze the circuit, 
then convert back to thermal units. This approach 
allows standard electrical circuit analysis tools and 
techniques to be used without unnecessary 
confusion. 


A surface mounted device on a PC board can be 
modeled as in figure 2. Each R-C section roughly 





V=AT 

(°C) 
R=Rr C=CrT 
(°C/W) (J/°C) 


Figure 1. Basic Thermal Model 


correlates to the physical system. The first R-C is the 
device die. The second is the lead frame and 
package, and the third is the PC board. Other 
parameters such as the junction to case and case to 
ambient thermal resistances, are lumped into the 
three R-C sections. This simplification does cause 
transient thermal response errors, although 
normally these errors are small. The additional 
elements can be broken out separately if greater 
accuracy is required. Although the physical 
correlation is far from perfect for the 3 R-C model, 
the thermal correlation can be very good. 


A TJUuNCTION 


R1 C1 


A TLEAD FRAME 


os + ” 


P vise 


A TeoarD 


c3 
| AMBIENT 


Figure 2: Surface Mounted Device on a PC Board Model 


PARAMETER MEASUREMENT 


The circuit technique shown in figure 3 can be used 
to evaluate the thermal performance of almost any 
IC. Device power dissipation must be known and 
constant. This is achieved with resistive loading for 
devices such as voltage regulators or amplifiers. 
Other devices may require additional circuitry to 
insure constant dissipation. 


R3 





VREF 


Figure 3: Typical: Thermal Test Circuit 





The change in forward voltage of a diode is typically 
utilized for temperature measurement, although any 
temperature dependant parameter could also be 
used. Ideally, the diode shouldbe close to the output 
transistors for maximum accuracy. In practice, this 
is not critical since the temperature drop across the 
die will only be a few degrees C in a surface 
mountable IC. During the test, the measurement 
diode must not have any current other than the fixed 
bias current. The bias current should be as small as 
possible to avoid self-heating the diode. __ 


Many devices have a diode intended for forward 
biased operation in the actual application circuit 
such as an output stage clamping diode. If such a 
diode is not available it may be necessary to forward 
bias a parasitic diode for measurement. While this 
approach should be considered a last resort, it can 
yield acceptable data. If a parasitic diode is forward 
biased, erratic or unspecified behavior is likely, even 
with low bias currents. Evaluate the test circuit 
carefully, insuring that dissipation is constant over 
the measurement temperature range. 


Kelvin all connections to avoid interconnect voltage 
drops. Every 2mV is approximately 1°C, so even 
small DC offsets can cause significant error. Without 
any power applied to the device other than the diode 
bias current, characterize the diode’s forward 
voltage in an oven at several temperatures over the 
expected operating junction temperature range. The 
slope of a best-fit line gives the thermal coefficient 
(Tc) which is used in subsequent calculations. 


Vcc 


Vout 


Poisp = Vout Vee-VOUT) ove tec 
Ri 





Thermocouples are used to sense PC board and 
ambient temperature. PC board temperature is 
measured as close to the device as possible. 


Some parameters are measured directly while 
others are derived by curve fitting. Junction to PC 
board, and PC board to ambient thermal resistance 
are measured by dissipating a constant power. Allow 
15 minutes for the temperature to stabilize. The 
change in diode forward voltage and PC board 
temperature give the junction to ambient and board 
to ambient thermal resistance: 


R(j-a) = AVp / (Tc Poisp) 
R(b-a) = ATB/ Poise 


Note that these resistances are based on change in 
temperature - ambient is assumed constant for the 
duration of the test. These values correlate to R1, 
R2, and R3 by: 


R1+R2= Rij-a) : Rib-a) (A) 
R3 = Rib-a) , (2) 


The thermal capacitance of the die is measured by 
applying a pulsed load and recording the junction 
temperature waveform. Varying the dissipation 
pulse width allows observation of each 
capacitance’s effect, although only the die’s thermal 
capacitance can be measured directly. A typical 
10ms transient dissipation waveform is shown in 
figure 4. The thermal time constant of the die is on 
the order of 30ms. To minimize exponential decay 
error, the slope of the waveform is measured at (t) 
= 3ms. The die’s thermal capacitance is then: 


Ci=Ppisp AtTc/AVp (3) 
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VERTICAL: (1) Vp, 1mV/DIV 
(2) Poisp, 1W 


HORIZONTAL: 2ms/DIV 
Figure 4: 10ms Transient Dissipation Waveform 


Transient waveforms should also be taken for 
100ms, 1s, and 10s dissipation intervals to generate 


an accurate temperature versus time curve. lf sa5 


transient thermal behavior is critical beyond 10 
seconds then additional curves must be taken. The 
thermal time constant of the PC board can go out to 
several minutes, so a strip chart recorder or 
computer based data acquisition system will be 
required. For most systems, this additional data is 
unnecessary. 


The remaining parameters are determined by curve 
fitting. Visual comparison of measured versus 
calculated curves is easily done with a spread sheet 
program. Measured junction temperature versus 
time data (4 points per decade is sufficient) is 
entered into the spread sheet. Junction temperature 
is then calculated at each point with estimated 
values for R2 and C2 and C3 using: 


T(t) = Poise [R1(1-e% 7") + Ra(1-e* 7) 
+ R3(1-e"7 3) (4) 


Data presented in the following section will help in 
estimating initial values. This procedure is iterated 
until an acceptable curve fit is achieved. C3’s value 
is iterated only if the measured curve goes out to 
several minutes. Figure 5 is a typical measured and 
calculated junction temperature versus time curve. 
A logarithmic time axis aids in curve fitting by 
spreading data points evenly. 
40 
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Figure 5: Junction Temperature versus Time for FQP48 
Package Dissipating 1W. 


Typical Data 


The preceding technique was used to characterize 
two devices in nine different packages. Five different 
PC board types were also tested to provide relative 
comparison. This information should be used to help 
initially determine package, PC board type, and 
layout. It must be stressed that this typical data 
should not substitute for a rigorous thermal analysis 
of the actual application. 





Figure. 6 Model values Versus Package Type for 1W Dissipation on Aluminum PC Board. 


Figure 6 shows model values and time constants 
versus package type, mounted on an aluminum PC 
board [1]. Junction to ambient thermal resistance is 
also shown to indicate overall steady state thermal 
performance. All data was taken with one watt 
dissipated. The values that were determined by 
curve fitting result in a fairly conservative model. 
Values were chosen which tended predict higher 
temperature than actually measured where errors 
could not be eliminated. As indicated, two devices 
were used for testing. At 7,500 square mils, the 
UC3730 is representative of the smaller dies 
typically packaged in D8, D14, and DW 16 packages. 
The UC3173 is 16,500 square mils, and is typical of 
the dies packaged in the other larger packages. 


Both devices were packaged in the DW16 to isolate 
the effect of die size. The UC1730’s smaller die 
increase R2 by about 30%. Interpolating between 
these two data points is difficult since the relationship 
between die size and thermal resistance is 
nonlinear. Curves are available which account for 
this dimensional difference [2], although the actual 
conditions differ and are more complicated than the 
configuration used to generate the curves. 
Fortunately, the resulting error will be small in most 
applications. Conservatively estimating R2 will 
minimally impact system size, but if a more accurate 
value is required the actual device can be 
characterized on a test PC board. 


Figure 7 illustrates the power lead frame’s dramatic 
improvement in thermal performance over standard 
lead frames by comparing the junction to ambient 
thermal resistances of the QP28 to the Q28, and the 
FQP48 to the FQ48. Standard lead frames connect 
the die to the leads thermally through the epoxy 
molding compound. Power lead frame packages 
incorporate a single piece for die attachment and 
ground leads. This uninterrupted, high thermal 
conductivity path offers a significant improvement 
over standard lead frames. Occasionally a stiffer but 
less conductive alloy is use for standard lead frames. 
The FQ48’s poorer thermal performance is partially 
caused by the lower conductivity alloy. 


Printed circuit board design significantly affects the 
overall thermal performance of the system, 
particularly with the power lead frame packages. 
The UC3173 in the DWP28 package was used to 





Thermal Resistance (*C/w) 


Q28 QP28 FQ48 FQP48 
Package 


Figure 7: Power lead frames significantly reduce thermal 
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compare PC board thermal performance. Five 
different PC board types were evaluated with one 
watt dissipated: 


1. Single side 1 02. copper, 0. 062 alominan 


2. Single side 1 oz. copper, 0.062 FR4 ‘epoxy 
fiberglass 


3. Single side 2 oz. copper, 0.062 FR4 epoxy 
fiberglass 


4. Four layer (signal, ground, Vcc, signal) 1 oz. 
copper, 0.031 FR4 epoxy fiberglass 


5. Four layer (signal, ground, Vcc, signal) 1 oz. 
copper, 0.062 FR4 epoxy fiberglass 





Figure. 8 Board to ambient thermal resistance and. . 
capacitance versus PC board type for DWP28 package © 
dissipating 1W. 


The thermal resistance, capacitance, and time 
constants for the five PC boards are shown in figure 
8. The PC board layouts used for testing are shown 
in figure 9. Only the component side is shown for the 
four layer boards. The back side, which has 10 mil 


4 Layer-Component Side | 


NZ 
AAS 


Figure 9. Test PC Board Layouts (SOIC 28DWP) 






28DWP 





OIC 


s 


traces on 50 mil centers to provide a typical amount 
of interconnect copper, and the Vcc plane were 
unconnected. The inner ground plane is connected 
to the small component side ground plane through 
16 feed-throughs. | 


As expected, the aluminum PC board’s significantly 
higher specific heat results in nearly an order of 
magnitude increase in thermal capacitance. 
Surprisingly the four layer 0.062 board’s. thermal 
resistance is nearly as low as the aluminum board’s, 
indicating good heat distribution through the inner 
planes. Note that although the Vcc plane is 
unconnected, it does help distribute the heat across 
the board. Conduction or forced air cooling is 
necessary to fully exploit the aluminum board’s 
capability. 


Summary 


A method for accurately modeling the thermal 
behavior of a surface mounted IC has been 
presented. The model relies on measured data, 
insuring excellent correlation to the physical system. 
Typical thermal behavior of nine different packages 
and five different PC boards were also presented, 
indicating relative thermal performance differences. 
Optimum thermal system design is achievable using 
the techniques and data presented. | 
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APPLICATION NOTE 


A NEW INTEGRATED CIRCUIT FOR 
CURRENT-MODE CONTROL 


Abstract 


The inherent advantages of current-mode control over conventional PWM approaches to switching power 
converters read like a wish list from a frustrated power supply design engineer. Features such as automatic feed 
forward, automatic symmetry correction, inherent current limiting, simple loop compensation, enhanced load 
response, and the capability for parallel operation all are characteristics of current-mode conversion. This paper 
introduces the first control integrated circuit specifically designed for this topology, defines its operation and 
describes practical examples illustrating its use and benefits. 


1.0 Introduction 


Over the past several years an increased interest in 
current-mode control of switching inverters has 
surfaced in the literature. Originally invented in the 
late 1960s, this scheme was not publicly reported 
until 1977" and has seen rapid development by 
many authors to date.'°*® In short, current-mode 
control uses an inner or secondary loop to directly 
control peak inductor current with the error signal 
rather than controlling duty ratio of the pulse width 
modulator as in conventional converters. Practi- 
cally, this means that instead of comparing the error 
voltage to a voltage ramp, it is compared to an 
analogue of the inductor current forcing the peak 
current to follow the error voltage. 







REFERENCE § 
ERROR “2 S f 
Vout, AMP R Q 
LATCH 





Rsense | 


LATCH | | | | | 
OUTPUT 


FIGURE 1. A FIXED FREQUENCY CURRENT-MODE CONTROLLED 
REGULATOR. 


Figure 1 illustrates a simplified block diagram of a 
fixed frequency buck regulator employing current- 
mode control. As shown, the error signal, Ve, is 
controlling peak switch current which, to a good 
approximation, is proportional to average inductor 
current. Since the average inductor current can 
change only if the error signal changes, the inductor 
may be replaced by a current source, and the order 
of the system reduced by one. This results in a 
number of performance advantages including 
improved transient response, a simpler, more easily 
designed control loop, and line regulation compara- 
ble to conventional feed-forward schemes. Peak 
current sensing will automatically provide flux 
balancing thereby eliminating the need for complex 
balance schemes in push-pull systems. Addition- 
ally, by simply limiting the peak swing of the error 
voltage Ve, instantaneous peak current limiting is 
accomplished. Lastly, by feeding identical power 
stages with a common error signal, outputs may be 
paralleled while maintaining equal current sharing. 


Although the advantages of current-mode control 
are abundant, wide acceptance of this technique 
has been hampered by a lack of suitable integrated 
circuits to perform the associated control functions. 
This paper introduces a new integrated circuit 
designed specifically for control of Current-mode 
converters. Circuit function and features are des- 
cribed in detail, and a comparative design example 
is used to illustrate the numerous advantages of this 
approach. 


UC1846 Chip Architecture 


In addition to all the functions required of conven- 
tional PWM controllers, a current-mode controller 
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FIGURE 2. UC1846 BLOCK DIAGRAM 


must be able to sense switch or inductor current 
and compare it on a pulse-by-pulse basis with the 
output of the error amplifier. As may be seen in the 


block diagram of Figure 2, this is accomplished in: 


the UC1846 by using a differential current sense 
amplifier with a fixed gain of 3. The amplifier allows 
sensing of low level voltages while maintaining high 
noise immunity. A list of other features, while not 
unique to current-mode conversion, demonstrates 
the advanced, state-of-the-art architecture of the 
UC1846: . | : | 


© A+ 1%, 5.1V trimmed bandgap reference used 
both as an external voltage reference and inter- 
nal regulated power source to drive low level 
circuitry. 

e A fixed frequency sawtooth oscillator with varia- 
ble deadtime control and external synchroniza- 
tion capability. Circuitry features an all NPN 
design capable of producing low distortion 
waveforms well in excess of 1MHz . 


e Anerror amplifier with common mode range from 
ground to Vec-2V. 


e Current limiting through clamping of the error 
signal at a user-programmed level. 


e A shutdown function with built in 350mV thresh- 
old. May be used in either a latching, or non- 
latching mode. Also capable of initiating a 
“hiccup” mode of operation. 
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e Under-voltage lockout with hysteresis to guaran- 
tee outputs will stay “off” until reference is in 
regulation. ft 


e Double pulse suppression logic to eliminate the 
possibility of consecutively pulsing either output. 


e Totem pole output stages capable of sinking or 
sourcing 100mA_ continuous, 400mA peak 
currents. 


These various features, along with their interrela- 
tionships and applications to switched-mode regu- 
lators, will be further discussed in the following 
sections. 


UCI 846 Functional Description 


3.1 Current Sense Amplifier 


The current sense amplifier may be used in a var- 
iety of ways to sense peak switch current for com- 
parison with an error voltage. Referring to Figure 2, 
maximum swing on the inverting input of the PWM 
comparator is limited to approximately 3.5V by the 
internal regulated supply. Accordingly, for a fixed 
gain of 3, maximum differential voltages must be 
kept below 1.2V atthe current sense inputs. Figure 3 
depicts several methods of configuring sense 
schemes. Direct resistive sensing is simplest, how- 
ever, a lower peak voltage may be required to min- 
imize power loss in the sense resistor. Transformer 
coupling can provide isolation and increase effi- 
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ciency at the cost of added complexity. Regardless 
of scheme, the largest sense voltage consistent 
with low power losses should be chosen for noise 
immunity. Typically, this will range from several 
hundred millivolts in some resistive sense circuits to 
the maximum of 1.2V in transformer coupled 
circuits. 


OUTPUT 
STAGE 


© Reense 


A.) RESISTIVE SENSING WITH GROUND REFERENCE 


OUTPUT a SENSE 





B.) RESISTIVE SENSING ABOVE GROUND 


CURRENT 
XFORMER 


| | (ow 


+-G) 
© 


C.) ISOLATED CURRENT SENSING amt 


FIGURE 3. VARIOUS CURRENT SENSE SCHEMES 


In addition, caution should be exercised when using 
a configuration that senses switch current (Figure 
3A) instead of inductor current (Figure 3B). As the 
switch is turned on, a large instantaneous current 
spike can be generated in the sense resistor as the 
collector capacitance of the switch is discharged. 
This spike will often be of sufficient magnitude and 
duration to trip the current sense latch and result in 
erratic operation of the PWM circuit, particularly at 
lower duty cycles. A small RC filter (Figure 4) in 
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series with the input is generally all that is required 
to reduce the spike to an acceptabie level. 





OUTPUT 
STAGE 


SPIKE ee J 


FIGURE 4. RC FILTER FOR REDUCING SWITCH TRANSIENTS 


3.2 Oscillator 


Although many data sheets tout 300 to 500kHz 
operation, virtually all PWM control chips suffer from 
both poor temperature characteristics and wave- 
form distortions at these frequencies. Practical 
usage is generally limited to the 100 to 200kHz 
range. This is a direct consequence of having slow 
(fe = 2MHz) PNP transistors in the oscillator signal 
path. By implementing the oscillator using all NPN 
transistors, the UC1846 achieves excellent temper- 
ature stabillity and waveform clarity at frequencies 
in excess of 1MHz. 








fose = ; 
OSCILLATOR OS * RrCr 
(PIN 8) 
SYNC | | | | | | 
(PIN 10) 


—=—| [—— OUTPUT DEADTIME (74) 


FIGURE 5. OSCILLATOR CIRCUIT 


Referring to Figure 5, an external resistor Rr is used 
to generate a constant current into a capacitor Cr to 
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TIMING RESISTOR, Rt — KILOHMS 


produce a linear sawtooth waveform. Oscillator fre- 
quency may be approximated by selecting Rr and 
Cr such that: 


2.2 
Rr Cr . (1) 
Where Rr can range from 1K to 500K and Cr is 


above 100pF. For quick reference a plot of fre- 
quency versus Rr and Cr is given in Figure 6. 


fosc = 


— 
jo] 
So 














1 10 100 1000 
FREQUENCY — KILOHERTZ 


FIGURE 6. OSCILLATOR FREQUENCY AS A FUNCTION OF 
Rr AND Cr 


_ Again referring to Figure 5, the oscillator generates 


_ aninternal clock pulse used, among other things, to 


blank both outputs and prevent simultaneous cross 
conduction during switching transitions. This output 
‘‘deadtime’” is controlled by the oscillator fall time. 
Fall time, in turn, is controlled by Ct according to the 
formula: 


12 
rd = 145 Cy | 
r - 3.6/ eet (2) 


For large values of Rr: 
rd = 145 Cy (3) 








TIMING CAPACITANCE, Cr - NANOFERADS 











0.1 1.0 10 100 


OUTPUT DEAD TIME, Tq ~ MICROSECONDS 


FIGURE 7. OUTPUT DEADTIME AS A FUNCTION OF TIMING 
CAPACITOR Cr | 
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- A plot of output deadtime versus Cr for two values of 


Rris giveninFigure7. = | 


Although timing capacitors as small as 100pF can 
be used successfully in low noise environments, it is 
generally recommended that Cr be kept above 
1000pF to minimize noise effects on the oscillator 
frequency (see Section 4.0). 


Synchronization of one or more devices to either an 
external time base or another UC1846 is accomp- 
lished via the bi-directional SYNC pin. To synchron- 
ize devices, first, Cr must be grounded to disable the 
internal oscillator on all slaved devices. Second, an 
external synchronization pulse must be applied to 
the SYNC terminal. This pulse can come directly 
from the SYNC terminal of a master UC1846 or, 
alternatively, from an external time base as shown 
in Figure 8.. 





FIGURE 8. SYNCHRONIZING THE 1846 TO AN EXTERNAL 
TIME BASE 
3.3 Current Limit 


One of the most attractive features of a current- 
mode converter is its ability to limit peak switch 


“currents on a pulse-by-pulse basis by simply limit- 


ing the error voltage to a maximum value. Referring 
to Figure 9, peak current limiting in the UC1846 is 
accomplished using a divider network, Ri and Ra, to 
set a pre-determined voltage at pin 1. 





FIGURE 9. PEAK CURRENT LIMIT SET. UP 
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This voltage, in conjunction with Q;, acts to clamp 
the output of the error amplifier ata maximum value. 
Since the base emitter drop of Q, and the forward 
drop of diode D; very nearly cancel, the negative 
input of the comparator will be clamped at the value 
Vein 1 —0.5V. Following this through to the input of 
the current sense amplifier yields: 


Vein 1 —0.5 
3 (4) 


Where Ves is the differential input voltage of the 
current sense amplifier. Using this relationship, a 


Ves = 


value for maximum switch current in terms of exter- — 


nal programming resistors can be derived, resulting 
in: 
Re (Vrer) — 0.5 
R, + Ro 

3Rs (5) 
While still on the subject of resistor selection, it 
should be pointed out that Ri also supplies holding 
current for the shutdown circuit, and therefore 


should be selected prior to selecting Re as outlined 
in the next section. 


lot = 


One last word on the current limit circuit. As may be 
seen from equation 5, any signal less than 0.5V at 
the current limit input will guarantee both outputs to 
be off, making pin 1 a convenient point for both 
shutting down and slow starting the PWM circuit. 
For example, both the under-voltage lockout and 
shutdown functions are connected internally to this 
point. If a capacitor is used to hold pin 1 low (Figure 
10) then as the input voltage increases above the 
under-voltage lockout level, the capacitor will 
Charge and gradually increase the PWM duty cycle 
to its operating point. In a similar manner if the 
shutdown amplifier is pulsed, the shutdown SCR will 
be fired and the capacitor discharged, guarantee- 
ing a shutdown and soft restart cycle independent 
of input pulse width. 










TO 
UNDER-VOLTAGE PWM COMPARATOR 


LOCKOUT 


FIGURE 10. USING UNDER-VOLTAGE LOCKOUT AND SHUTDOWN 
TO INITIATE A SLOW START. — 
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3.4 Shutdown 


The shutdown circuit, shown in Figure 11, was 
designed to provide a fast acting general purpose 
shutdown port for use in implementing both protec- 
tion circuitry and remote shutdown functions. The 
circuit may be divided into an input section consist- 
ing of a comparator with a 350mV temperature 
compensated offset, and an output section consist- 
ing of a three transistor latch. Shutdown is accomp- 
lished by applying a signal greater than 350mV to 
pin 16, causing the output latch to fire, and setting 
the PWM latch to provide an immediate signal to the 
outputs. At this point, several things can happen. Q, 
requires a minimum holding current, ln, of approxi- 
mately 1.5mA to remain in the latched state. There- 
fore, if Ri is chosen greater than 5kQ, Q, will 
discharge any capacitance, Cs, on pin 1 to ground 
and commutate the output latch, allowing Cs to 
recharge. If Ri is chosen less than 2.5kQ, Q, will 
discharge Cs and remain in the latched state until 
power is externally cycled off. In either case, Cs is 
required only if a soft-start or soft-restart function is 
desired. 





FIGURE 11. SHUTDOWN CIRCUITRY 


For example, the shutdown circuit of Figure 12, 
operating in a nonlatched mode, will protect the 
supply from overcurrent fault conditions. Many 
times, if the output of a supply is shorted, circulating 


~ currents in the output inductor will build to danger- 


ous levels. Pulse-by-pulse current limiting with its 
inherent time delay, will in general not be able to 
limit these currents to acceptable levels. Figure 12 
details a circuit which will provide shutdown and 
soft-restart if the overcurrent threshold set by Rs 
and Ra is exceeded. This level should be greater 
than the peak current limit value determined by R; 
and Re (see equation 5). Sometimes called a “hic- 


~ cup mode”, this overcurrent function will limit both 


power and peak current in the output stages until 


_ the fault is removed. 





40 
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FIGURE 12. OVER CURRENT SENSING WITH THE SHUTDOWN 
CiRCUIT PRODUCES A SHUTDOWN — SOFT RESTART 
CYCLE TO PROTECT OUTPUT DRIVERS 


Noise Immunity | 


As in all PWM circuits, some simple precautions 
should be observed to prevent switching noise from 
prematurely triggering the oscillator as_ it 
approaches its upper threshold. This is most evi- 
dent when large capacitive loads — such as the 
gates of power FETS — are directly driven from 
outputs A and B. As the duty cycle approaches 
100%, the current spike associated with this output 
Capacitance can cause the oscillator to prema- 
turely trigger with a resulting shift upward in fre- 
quency. By separating high current ground paths 
from low level analog grounds, using Cr values 
greater than 1000pF grounded directly to pin 12, 
and decoupling both Vin and Vrer with good quality 
bypass capacitors, noise problems can be avoided. 


Comparative Design Example 


To more vividly illustrate the advantages of current- 
mode control, a relatively simple push-pull forward 
converter was designed using two interchangeable 
control sections, as shown in Figure 13. The control 
modules consist of (a) a UC1846 current-mode 
controller with associated circuitry, and (b) a con- 
ventional UC1525A PWM controller with its support 
circuitry. Loop compensation of the UC1525A was 
implemented by placing a zero in the feedback loop 
to cancel one of the poles in the output stage, 


_ resulting in a unity gain bandwidth of approximately 


3kHz — a commonly used technique. Compensat- 
ing the current-mode converter requires somewhat 
of a different approach. Since the output stage con- 
tains only.a single pole, in theory closing the loop 
will produce a stable system with no additional 
compensation. In practice, however, it has been 
shown that subharmonic oscillation will result from 
excess gain at half the switching frequency”. 
Therefore, a pole-zero combination has been 
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placed in the feedback loop to reduce high fre- 
quency gain and.allow the output capacitor (low 
ESR) to roll off loop gain to OdB at SkHz. 


‘While not demonstrated in Figure 13, fixed fre- 


quency current-mode converters are known to be 
unstable above 50% duty cycle without some form 
of slope compensation'*~®”. By injecting a small cur- 
rent from the sawtooth oscillator into the positive 
terminal of the current sense amplifier, slope com- 
pensation is accomplished, and the converter can 
be operated in excess of 50% duty cycle. An alter- 
nate, but just as effective, scheme would be to inject 


the signal into the negative terminal of the error 


amplifier. 


As may be seen, a similar parts count for both 
supplies was encountered. Topologically, using the 
UC1525A shutdown terminal provided only a crude 
current limit in contrast to the UC1846. Further- 
more, internal double pulse suppression circuitry of 
the UC1846 gave an added level of protection 
against core saturation — important if your regula- 
tor is prone to subharmonic oscillations. Since botn 
regulators were over-designed to withstand a:short 
circuit on the output with resultant high peak cur- 
rents, the shutdown-restart mode of the UC1846 
was not used. 


It should be pointed out at this time that one of the 
main features of a current-mode converter of this 


_ type is its ability to be paralleled with similar units. 


By disabling the oscillator and error amplifiers (C+ 
grounded, +E/A to Vrer, -E/A grounded) of one or 
more slave modules, and connecting SYNC and 
COMP pins of the slave(s) respectively, the outputs 
may be connected together to provide a modular 
approach to power supply design. 


Starting with Figure 14, a comparison of line and 
load step responses Is made between the two con- 
verters. As a result of the feed-forward effect of the 
current-mode converter, response to a step input 
change shows more than an order of magnitude 
improvement (Figure 14a) when compared to the 
conventional converter (Figure 14b). Although not 
as pronounced, response to a step load change 
leaves the UC1846 converter (Figure 15) with a 
clear advantage in output response — 40mV as 
compared to 70mvV for the UC1525A. 


Virtually all conventional push-pull converters are 
prone to flux imbalance caused by mismatched 
storage delays, etc., in the output stage. Figure 16 
shows both converters operating with the same 
power stage. No effort was made to match output 
devices. As may be seen, there is little noticeable 
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difference between switch currents of the UC1846. transistors — shows phase B driving the core close 
However, the UC1525A — with identical output to saturation with 50% more current than phase A. 
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(A) UC1846 CURRENT-MODE CONTROLLED REGULATOR 
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(B) UC1525A VOLTAGE MODE CONTROLLER 


FIGURE 13. PUSH-PULL FORWARD CONVERTER WITH (A) CURRENT-MODE CONTROL AND (B) VOLTAGE MODE CONTROL 


t = 2ms/DIV 


“OUTPUT > 
RESPONSE 
50mV/DIV 





(A) (B) 


FIGURE 14. RESPONSE TO A STEP INPUT CHANGE OF 25 TO 35V BY (A) UC1846 and (B) UC1525A CONVERTERS 
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t= 0.2ms/DIV 


<< OUTPUT 
RESPONSE 
20mV/DIV 





(A) (B) 


FIGURE 15. RESPONSIVE TO A STEP LOAD CHANGE OF 1 AMP BY (A) UC1846 AND (B) UC1525A CONVERTERS 


t= Sus/DIV 


<< SWITCH » 
CURRENTS 
(0.2A/DIV) | 





(A) (B) 


FIGURE 16. SWITCH CURRENTS SHOWING FLUX IMBALANCE IN (A) UC1846 AND (B) UC1525A CONVERTERS 


6.0 Conclusion 


Rarely do new design techniques evolve that can design. Until recently,: current-mode converters 


promise as much as current-mode control for the 
power supply engineer. We have shown this to be a 
simple technique. easily extended from present 
converter topologies, that will increase dynamic 
performance and provide a higher degree of relia- 
bility while permitting new approaches to modular 


could not compete with the economics of conven- 
tional converters designed with |.C. controllers. 
Now, with the UC1846 designed specifically for this 
task, current-mode control can provide all of the 
above performance advantages on acost competi- 
tive basis. 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire 03054-0399 
Telephone 603-424-2410 e FAX 603-424-3460 
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THE UC1901 SIMPLIFIES THE PROBLEM OF ISOLATED 
FEEDBACK IN SWITCHING REGULATORS 


1. Introduction 

The UC1901 simplifies the task of closing the 
feedback loop in isolated, primary-side control, 
switching regulators by combining a precision 
reference and error amplifier with a complete 
amplitude modulation system. Using the IC’s 
amplitude modulated output, loop error signals can 
be transformer coupled across high voltage isola- 
tion boundaries, providing stable and repeatable 
closed-loop characteristics. Coupling across an 
isolation boundary is nothing new in transformer 
technology, and the UC1901’s ability to generate 
carrier frequencies of up to 5MHz keeps the trans- 
former size and cost at a minimum. With a second- 
ary reference and accurate coupling path for the 
feedback signal, isolated off-line supplies can 
reliably achieve the tolerances, regulation, and tran- 
sient performance of their non-isolated counter 
parts and still take advantage of the benefits of 
primary-side control. 


Closing a feedback loop in a simple or complex 
system requires a thorough understanding of ail 
of the loop elements. Worse case variations of 
each element must be taken into account when 
loop stability, dynamic response, and operating 
point are determined. Unpredictability in any of the 
loop components will affect the overall design by 
making it, necessarily, more conservative. The trans- 
ient response of a control loop, for example, will 
usually suffer if a loop must be heavily compensated 
to guarantee stability with component variations. 


To obtain high levels of load and line regulation, the 
output voltage of a power supply must be sensed 
and compared to an accurate reference voltage. 
Any error voltage must be amplified and fed back to 
the supply’s control circuitry where the sensed error 
can be corrected. In an isolated supply, the control 
circuitry is frequentty located on the primary, or 
line, side of the supply. As shown in Figure 1, the 
feedback signal in this type of supply must cross 
the isolation boundary. Coupling this signal requires 
an element that will withstand the isolation poten- 
tials and still transfer the loop error signal. Though 
some significant drawbacks to their use exist, optical 
couplers are widely used for this function due to 
their ability to couple DC signals. Primarily, opto- 
couplers suffer from poor initial tolerance and sta- 


PWM 
CONTROLLER 





bility. The gain, or current transfer ratio, through an 
opto-coupler is loosely specified and changes asa 
function of time and temperature. This variation will 
directly affect the overall loop gain of the system, 
making loop analysis more difficult and the resulting 
design more conservative. In addition, limited band- 
width capability prevents the use of optical couplers 
when an extended loop response is required. 
ISOLANSN BOUNDARY 
we 
| 
| 
| 
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PRIMARY 


SWITCHES 


INPUT 
POWER SECONDARY 













SYSTEM 
REFERENCE 


FIGURE 1: A Typical Closed-Loop Isolated Power Supply 
With Primary-Side Control. j 


With reliability firmly situated as an important aspect 
of electrical design, the benefits of primary-side 
control are increasingly attractive in off-line designs. 
The organization of an off-line switcher with primary- 
side control (See Figure 1) puts the control function 
on the same side of the isolation boundary as the 
switching elements. Not only does this simplify the 
interface between the controller and switches, it 
makes the protection of these switches much easier. 
Sensing of the switch currents and voltage can 
avoid failures and improve over-all supply perform- 
ance. The argument for primary-side control has 
been further strengthened by the introduction of a 
new generation of control IC’s. The controllers incor- 
porate such features as low current start-up, high 
speed current sensing for pulse-by-pulse current 
limiting, and voltage feed-forward. Low current 
start-up alleviates the problem of efficiently sup- 
plying power to a line-side controller, while fast 
current limit circuitry and voltage feed-forward take 
advantage of the proximity of a primary-side con- 
troller to both the power switch(es) and the input 
supply voltage. 


Combining all of the necessary functions to generate 
an AM feedback signal on the UC1901 make it the 
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first IC of its type. As will be seen, the UC1901 can 
be used in several modes to take full advantage of 
its functions. Recognizing the continuing evolution 
of power converter technology the UC1901 is 
intended to simplify the design of a new era of 
reliable and higher performance power converters. 


2. The UC1901 Functions 


The operation of the UC1901 is best undestood by 
considering a typical application. In Figure 2, the 
UC1901 is shown providing the feedback signal to 
Close the loop in an isolated switching power supply. 
With any feedback system itis desirable to compare 
the system output to the system reference with a 
minimum of intermediate circuitry. With the UC1901 
situated on the secondary, or output side of the 
supply, the output voltage is simply divided down 
and compared to the 1.5V reference using the chip’s 
high gain error amplifier. In this manner DC errors at 
the supply output are kept minimal even if signifi- 
cant non-linearities, or offsets, occur in the remain- 
der of the power supply loop. Since the 1.5V output 
on the UC1901 is a trimmed, precision, reference, 
the need for a trim-pot to fine tune the output 
voltage is eliminated. 


To make the UC1901 compatible with single output 
OV power supplies it is designed to operate with 
input voltages as low as 4.5V. This allows the part to 
be powered directly from a TTL compatible 5V 
output. A nominal supply current of only 5mA allows 
the part to be easily operated at its maximum input 
voltage rating of 40V without worry of excessive 
power dissipation. 
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The amplified error signal at the UC1901’s com- 
pensation output is internally inverted and applied 
to the modulator. The other input to the modulator is 
the carrier signal from the oscillator. The modulator 
combines these two signals to produce a square 
wave output signal with an amplitude that is directly 
proportional to the error signal and whose frequency 
is that of the oscillator input. This output is buffered 
and applied to the coupling transformer. With the 
internal oscillator, carrier frequencies into the mega- 
hertz range can be generated. Operating at high 
frequencies can reduce both the size and cost of 
the coupling transformer. The secondary winding on 
the coupling transformer drives a diode-capacitor 
peak detector. With a simple resistive load to allow 
discharging of the holding capacitor an effective 
amplitude demodulator is formed. The small signal 
voltage gain from the error amplifier input to the 
detector output is a function of the feedback net-. 
work around the error-amp, the modulator gain, the 
turns ratio of coupling transformer, and any loss in 
the demodulator. 


In Figure 2 the relationship of the detector output to 
the sense supply voltage is non-inverting. This is 
necessary to guarantee start-up of the supply. Since 
the UC1901, as shown, is powered from the supply’s 
output, the initial feedback signal back to the PWM 
controller will always be zero. The required 180° of 
DC phase shift is easily achieved by inverting the 
signal with the error amplifier that is present in most 
any PWM controller circuit. 


In some applications it may be desirable to operate 
the carrier frequency of the UC1901 in synchroni- 
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FIGURE 3: The Compensation Output on the UC1901 can be used to Accurately Control the AM Waveform Output. 
A Simplified Schematic, (a) Shows the internal Signal Split into the Modulator. Voltage Waveforms, (b) Across 
the Modulator Outputs, and at the Compensation Output show the Modulator Transfer Characteristic. 


zation with a system clock, or reference frequency. 
In many situations, operation of the UC1901 at 
the switching frequency of the power supply can be 
beneficial. One such application is presented in 
this article. To accommodate this need the UC 1901 
has an externai clock input. 


One additional mode of operation is possible if the 
oscillator is left disabled and the external clock 
signal is kept low (or floated). In this condition the 
error amplifier can be used in a linear fashion with 
its output taken at the driver A output. The driver B 
output will be at a fixed DC voltage about 1.4V from 
the input supply voitage. If the external clock signal 
is tied high the roles of the two driver outputs are 
reversed. With 15mA of output current capacity, 
the two outputs can easily be combined to reference 
and drive an optical coupler. Although the instabilities 
of the coupler will still be present, the advantages of 
the UC1901’s precision reference, high gain ampli- 
fier-driver, and 4.5V supply operation can be utilized. 


3. A Controlled Feedback Response 


There are many different topologies which can be 
used when implementing a switching power supply. 
For off-line supplies, fly-back and forward convert- 
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ers are often designed. In the near future current- 
mode control versions of these may also be widely 
used. Each of these converter topologies has a 
different forward transfer characteristic and, within 
each type of converter, operating point, continuous 
or discontinuous inductor current, and voltage or 
current-mode duty cycle control are a few of the 
factors which can alter this characteristic. In short, 
the task of optimally designing a feedback network 
for one supply must usually be repeated when the 
next supply is designed. 
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Once the forward transfer function of a particular 
converter has been determined, various factors 
such as stability, line regulation, load regulation, 
and transient response will determine the overall 
loop response, and therefore feedback response, 
required. One of the objectives. of the UC1901, in 
addition to allowing a controlled isolated feedback 
response, is to make the task of implementing a 
given response as easy as possible. With the com- 
pensation node on the UC1901, local R-C feedback 
networks can be used to shape the small signal 
gain and phase frequency response of the overall 
feedback network. 


The error amplifier on the chip has a typical open 
loop gain of 60dB and is internally compensated to 
have a unity gain bandwidth of just above 1MHz. 
Both of these characteristics are measured with 
respect to the compensation node (Pin12). As shown 
in Figure 3a, the amplified error signal is internally 
split, at the collectors of Q, and Q,, and fed to both 
the modulator and the compensation output. Apply- 
ing feedback from the compensation output to the 
error amplifier’s inverting input controls the small 
signal collector current through Q,. Since Q, 
sees the same base voltage, and its emitter resist- 
ance is the same, its collector current will track that 
of Q,. The collector current of Q, feeds the modu- 
lator and determines the amplitude of its output 
signal. The 4-to-1 ratio of resistors R, (or Rs) 
and R, results in a fixed 12dB of small signal gain 
measured as the ratio of the amplitude of the differ- 
ential signal at the modulator outputs to the com- 
pensation mode signal. This relationship, as well as 
the function of the modulator, is shown in Figure 3b. 
The scope traces show a 200mV peak to peak sinu- 
soid at 2.5kHz, measured at the compensation 
output, and the resulting 800mV variations in the 
peak amplitude of a 25kHz square wave carrier as 
measured across the modulator’s differential output. 


The remaining factors influencing the response of 
the feedback path are the signal gain through the 
transformer, the detector circuit, and the circuitry 
between the detector output and the supply’s PWM. 
The signal gain through the transformer is simply 
the turns ratio of transformer. The small signal 
detector gain can usually be assumed to be unity 
as long as the AC load presented to the detector is 
kept small. Some load on the detector is necessary 
to allow its output to slew in a negative direction. 
Figure 4 summarizes the transfer and output char- 
acteristics of a typical transformer and detector. 
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FIGURE 4: A Typical Detector Model and its Output 
Characteristics. 


Here the load on the detector is modeled as a 
current source, simplifying the equations. In actual 
practice the operating point of the detector output 
will be determined by the circuitry which inter- 
faces it with the PWM input. Since the minimum 
recovery from the detector is zero volts a nominal 
positive operating level which provides adequate 
dynamic range for DC and transient conditions 
should be chosen. 


The UC1901 is specified to generate maximum 
carrier levels equal to or in excess of 1.6V peak. 


This indicates that a turns ratio of greater than 


one-to-one will be required for the coupling trans- 
former if the detector output must exceed approxi- 
mately 1V, (allowing for a detector diode drop of 
0.6V). It should be noted that many switching power 
supplies now being designed include an integrated 
PWM control IC. A typical PWM IC includes a dedi- 
cated error amplifier which amplifies and buffers 
the input error voltage and applies it to the PWM 
ramp comparator. This amplifier can be readily used 
to fix a nominal detector operating point that is 
compatible with a one-to-one transformer. Addition- 
ally, the error amplifier on the UC1901 and the 
PWM’s amplifier can be combined to achieve both 
large DC loop gains for improved load and line 
regulation, and the optimization of the loop gain 
and phase frequency response for improved tran- 
sient and stability performance. 


4. Transformer Requirements 


The coupling transformer used with the UC1901 
has two primary requirements. First, it must provide 
DC isolation. Secondly, it should transfer voltage 
information across the isolation boundary. Meeting 
the first requirement of DC isolation will depend on 
specific applications: In general, though, small signal 
transformers can be readily built to meet the isola- 
tion requirements of today’s line-operated systems. 
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For the most stringent applications, E-type cores 
with bobbin carried windings are inexpensively 
available or built. Where small size is most important, 
a simple toroid core can be used. 


The second requirement of the transformer prima- 
rily determines the amount of magnetizing induct- 
ance it must have. The magnetizing inductance ofa 
transformer refers to the actual inductance formed 
by the windings around the core material. In many 
classical transformer examples, the magnetizing 
inductance is ignored. This is a valid approximation 
since, in these examples, the magnetizing current 
required is much less than the reflected load 
currents. In this case, the load currents are small 
and, as the transformer inductance is reduced, the 
magnetizing currents become dominant. 


The driver outputs on the UC1901 are emitter fol- 
lowers which are biased at 700A. Therefore, if the 
drivers are operated without additional bias current 
the peak current through the transformer’s primary 
winding cannot exceed this value. Figure 5a illus- 
trates the relationship of the magnetizing current to 
the voltage across the transformer’s input. If the 
reflected load currents are neglected, it can be 
seen that the minimum magnetizing inductance 
required for linear transfer of the modulator square- 
wave Is given by: 





Vp 
(1) Ly = Af, |, 
Where: Ly = the magnetizing inductance, 
Vo =~ the peak carrier voltage across 
transformer inputs, 
f. =  theUC1901 operating frequen- 
Cy, 
lp = the bias current ofthe UC1901 


drivers. 


As an example, consider the case where Vp is 
equal to 2V, f, is 100kHz, and the drivers are operat- 
ing at their internal bias levels. Using equation 1, 
the inductance looking into the primary winding 
with no secondary load must be greater than 7.1mMH. 
Alternatively, if the carrier frequency is raised to 
1MHz and the bias levels of the UC1901 drivers are 
increased to 3.5mA, then Lu can be as low as 
150H. Using high permeability ferrite material, this 
level of magnetizing inductance can be realized with 
as little as 10 turns on a small toroid core. 


Equation 1 sets a minimum limit on the magnetizing 
inductance for linear transfer of the carrier wave- 
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FIGURE 5: The UC1901 Driver Outputs Follow the Mod- 
ulator Output Square Wave, (a.), Sourcing 
and Sinking Current Levels Dependent on 
Transformer Inductance, Carrier Frequency, 
and Voltage Level. When the Bias Level of the 
Driver Outputs, Ip, is Reached, (b.), a Tri-state 
Waveform is Coupled Across the Transformer, 
the Peak Voltage Level Though, Remains Ap- 
proximately the Same. The Reflected Load 
Currents are Assumed Negligible. 


form. Actually, the amplitude information is still 
coupled even when the inductance is less than this 


~ minimum. In this case, the UC1901 drivers will 
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support the voltage across the coil until the peak 
current is reached. The result, illustrated in Figure 
ob, is a tri-state waveform at the transformer’s input 
and output. Peak detection of this waveform yields 
the same amplitude information as the linear trans- 
fer case, although detection ripple will increase. 
Another situation which results in a tri-state wave- 
form exists when the carrier duty cycle is not 50%. 
In this case, the volt-seconds across the transformer 
will be balanced by an “imbalancing” of the driver 
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bias levels. The imbalance will be sufficient to cause 
the peak current to be reached during the > 50% 
portion of the carrier waveform. 


5. The High Frequency Oscillator 


The oscillator circuit on the UC1901 is designed 
to operate at frequencies of up to 5MHz. To achieve 
this operating range the circuit shown in Figure 6 
uses only NPN transistors in those parts of circuit 
which are dynamically involved in the actual oscilla- 
tion. The standard bipolar process used to produce 
the UC1901 characteristically yields high f;, typically 
250MHz, NPN devices. Conversely, the same pro- 
cess has PNP structures with f;’s of only 1 to 2MHz. 
In the oscillator, PNP’s are used only in determining 
quiescent operating points of the circuit. 


The latched comparator formed by Q,-Q,, diodes 
D, and D., and resistors R, and R, has a controlled 
input hysteresis which determines the peak to peak 
voltage swing on the timing capacitor C;. The timing 
capacitor C, is referenced to V,, since this is the 
reference point for the latched comparator’s thresh- 
olds. The comparator’s outputs at D, and D, switch 
the 2X current source through Q,, changing the net 
current into the timing capacitor from positive to 
negative, reversing the capacitor voltage’s dv/dt. 
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When the resulting ramp reaches the comparator’s 
lower threshold, the current is switched back to 
Q,, and the ramp reverses until the upper thres- 
hold is reached and the process begins again. This 
results in a triangle waveform at C, and a squarewave 
signal at D, and D,. 


The magnitude of the charging current is controlled 
by the external resistor, R,; and the internaily gener- 
ated voltage across it. This voltage is compensated 
to track variations in the comparator hysteresis. The 
tracking characteristics of this voltage stabilize the 
oscillation frequency over temperature and enhance 
the initial frequency tolerance. Typically, repeatability 
and temperature stability of the operating frequency 
are both better than 5%. 


The oscillator circuit has been optimized for a 
nominal R, of 10k. A desired operating frequency 
is obtained by choosing the correct value for C,;. As 
shown in Figure 7, the oscillator frequency is give 
by the relation: | 


1.24 
R, C, 





(2) fosc. = 


for frequencies below 500kHz. Above 500kHz, the 
solid line indicates appropriate C, values. There is 
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_ FIGURE 6: _UC1901 High Frequency Oscillator Simplified Schematic. 
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no upper limit on the size of the capacitor used, 
thus allowing the oscillator to have an arbitrarily 
long period if desired. 
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FIGURE 7: UC1901 Oscillator Frequency. 

To allow operation of the modulator with a carrier 
frequency that is driven from a system operating 
frequency or clock, the oscillator can be over-ridden. 
Tying C, to the input supply voltage disables the os- 
cillator. The modulator circuit can now be switched 
in synchronization with a signal at the external clock 
input. Internally, the clock signal is applied to the 
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latched comparator via the input device Q,, and the 
differential pair Q; and Q,. As the clock input goes 
high, Q, turns Q, off and Q, on, creating an offset 
across R, that is sufficient to switch the comparator. 
The comparator then, as before, drives the modula- 
tor. When the clock input returns low, the process is 
reversed. Using the external clock input, both the 
frequency and duty cycle of the modulator outputs 
are controlled. 


6. A Status Output is More 
Than Just a Green Light 


Many systems today require a monitoring function 
on the supply output. The status output on the 
UC1901 can fill this need, a green light function, 
and can also be used to fill some more “sophisti- 
cated” needs. The circuit in Figure 8 takes advan- 
tage of the status output in the start-up of an off-line 
forward converter. The UC1901 is being used in an 
application where the switching supply must be 
synchronized to a system clock. The clock signal 
is generated on the secondary or output side of 
the supply. To allow start-up, the PWM oscillator is 
free-running when the line voltage is applied. As the 
supply voltage rises, the UC1901’s external clock 
input is driven at the switching frequency rate 
through resistors R, and R,. When the supply output 


OUTPUT FILTER 


SUPPLY 
snd OUTPUT 









SYNC. PULSE SL 
TO PWM 0 
OSCILLATOR 





TO PWM 
ERROR AMP. 


COUPLING 
TRANSFORMER 


STATUS 
OUTPUT 


MASTER CLOCK SIGNAL 






FIGURE 8: The Status Output on the UC1901 is used in the Start-Up of a Power Supply Synchronized to a Secondary 
Referenced Master Clock. The Coupling Transformer Carries the Feedback and Clock Signals. The Status 
Output is used to Sequence Clock Signals to the UC1901 External Clock Input During Start-Up. 
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reaches 90% of its operating level, the status out- 
put decouples the external clock input from the 
switcher and enables the UC1901’s clock input to 
be driven from the now operational system clock. 


On the primary ‘side, the output of the coupling 
transformer is used before demodulation to provide 
-a synchronization pulse to the PWM control oscilla- 
tor. Under normal operation, the entire power supply, 
including the feedback system, will be synchronized 
to the system clock. 


7. The UC1901 in an Off Line 
Flyback Converter — 


As alluded to previously, flyback converters see 
wide use in off-line applications. The flyback topol- 
ogy has some general cost benefits which have 
spurred its use in low cost, low power (< 150W), 
off-line systems. Perhaps the two most significant 
of which are the need for only a single power 
magnetic element in the supply (no output filter 
inductor is required), and the ability to easily obtain 
multi-output systems by adding one additional 
winding to the coupling power inductor for each 
extra output. Also, the flyback topology, especially 
when used in the discontinuous mode, lends itself 
very well to the benefits of voltage feed-forward. 


7a. 60 Watt Dual Output Converter 


Shown in Figure 9 is a flyback converter designed 
with the UC1901 and a primary side control IC, the 
UC1840. The converter has two 30W outputs, one 
at 5V/6A, and another at 12V/2.5A. Minimum loads 
of 1A are specified at each output. The UC1901 is 
used to sense and regulate the 5V output. This out- 
put is specified at +2 percent (untrimmed), with load 
and line regulation of better than 0.2 percent. Respec- 
tively, the 12V output is specified at +5 percent 


with +6 percent load and line regulation. Regulation . 


of the 12V output relies on close coupling between 
the 5V and 12V output circuits. 


The UC1840 controiler has all of the features 
discussed previously for an off-line controller. In 
addition, it has some advanced fault protection 
features. Only parts of the UC1840’s capabilities 
are discussed here. For those desiring a more 
complete description, it can be found in the second 
reference mentioned at the end of this article. In the 
supply, the UC 1840 sequences itself through start- 
up using the energy stored in C, by the trickle 
resistor R,,. Once the supply is up and running 
W,, the auxiliary winding on L,, provides power to the 
controller and the switch drive circuitry. The primary 
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winding on the coupled inductor, W, is applied 
across the rectified and filtered line voltage at a 
60kHz rate via the FET switching device. L, is refer- 
red to as a coupled inductor, rather than as a trans- 
former, since the primary and secondary windings 
do not conduct at the same time. Energy is stored 
in the inductor core as the switching device con- 
ducts, and then “dumped” to the secondary outputs 
when the device is turned off. 


The converter operates in the discontinuous mode. 
Operating in this mode, the total current in the 
coupled inductor goes to zero during each cycle of 
operation. In other words, the energy stored in the 
core during the beginning of a cycle is entirely 
expended to the load before the end of the cycle. 
This allows the inductor size to be minimized since 
its average energy level is kept low. The price paid 
for discontinuous operation is higher peak currents 
in the switching and rectifying devices. Also, high 
ripple currents at the supply’s output(s) make ESR, 
(equivalent series resistance), requirements on the 
output filter capacitors more stringent. 


7b. Discontinuous Flyback’s Forward 
Transfer Function 


The process of designing a feedback network for 
the supply begins with determining the small signal 
transfer function of the converter’s forward control 
path. This path can be defined as the small signal 
dependency of the output voltage, Voy;, to, Vo, the 
control voltage at the input to the PWM comparator. 
As defined, the control voltage on the UC1840 ap- 
pears at the compensation output of its internal 
error amplifier. The transfer function of this path 
for the discontinuous converter is given by equa- 


tion (3). 
(3) Vout (s) _ Vin TpR, | 1+ sC,R, 
Vo Va V BL, 14+8C.R, 
2 
Where 
Vin =_ level of the rectified line voltage, 
Ve = _ The equivalent peak PWM ramp voitage- 
equal to the extrapolated control voltage 
input which would result in a 100% 
switch duty cycle, 
Tp = One period of the switching frequency, 
L, =  Magnetizing inductance of the primary 
winding, 
C. = A total effective output filter capacitor, 
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FIGURE 9: The UC1901 Combines With an Advanced PWM Controller in a 60W Off-Line Converter. 
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R, = The total effective load, (assumed 
resistive), 

Rs = ESR ofthe filter capacitor, 

cS) = 2rijf, f is frequency in hertz. 


The word effective is used in describing R, and C, 
since, although we are interested in calculating the 
response to the 5V output, the loads at the 12V and 
auxiliary Outputs must be accounted for. This is 
easily done by reflecting these loads to the 5V 
output using the corresponding turns ratio on the 
inductor. 


7c. Voltage Feedforward Steadies 
Response 


Equation 3 indicates a substantial dependency of 
the control response to both the load R,, and the 
input voltage, Vy. This can slightly complicate the 
design of the feedback network since both the gain 
and phase response of the loop will vary with oper- 
ating conditions. 


The benefits of feed-forward are easily illustrated at 
this point by examining its effect in this circuit. The 
UC1840 controller uses resistor R, to sense the 
input voltage and proportionately scale the charging 
current into the PWM ramp capacitor, C3. Scaling 
the ramp slope is the same as scaling V,, the equiva- 
lent peak ramp voltage. The result is a modeled 
ramp voltage given by: 


(4) Ve = VwTp 


R; C3 


When this expression for V, is substituted into 
equation 3, the result is a forward transfer function 
that is independent of the input voltage. Not only 
does this simplify the feedback analysis, it also 
vastly improves the supply’s inherent rejection of 
line voltage variations. 


The forward response of the converter, plotted in 
Figure 10, has a single pole roll-off occurring 
between 11Hz and 38Hz depending on the load. 
The single pole roll-off allows the feedback network 
a bit of latitude since, from a stability standpoint, the 
loop bandwidth can be extended by simply adding 
broadband gain with an appropriate roll-off frequen- 
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FIGURE 10: Closing the Feedback Loop is Preceeded 
by the Characterization of the Converter’s 
Forward Small Signal Transfer Function. 


cy. No mid-band zeros or led-lag networks are 
necessary, as might be for converters with double 
pole responses. Although, the zero resulting from 
the ESR of the filter capacitors can, if not taken into 
account, appreciably extend the loop bandwidth 
beyond its intended value. 


7d. Wide Bandwidth Gives Fast Transient 
Response At 5V Output 


This supply was designed to have a unity gain loop 
bandwidth of between 5 and 10kHz. With this band- 
width the supply’s control response to step load and 
line changes occurs in fractions of a millisecond. This 
is only true with regard to the 5V output. There is no 
feedback from the 12V output therefore the output 
impedence of the 12V supply will be determined by 
IR losses, the dynamic impedence of the rectifying 
diodes, and the coupling efficiency between the 
inductor windings. This impedence is not reduced 
by the loop gain, as itis at the 5V output. As a result, 
the time constant of the response at this output will 
be considerably longer. 


The fast response of the 5V output and the relatively 
slow response of the 12V output are illustrated in 
Figure 11 which shows three oscilliscope traces 
in response to a 3.0A load change at the 5V output. 
The upper trace is the response of the 5V output 
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which has been expanded and lowpass (< 15kHz) 
filtered slightly so the small signal loop character- 
istics can be seen. The trace below this is the 12V 
output’s deviation due to cross-regulation limitations, 
the longer time constants involved are obvious. Both 
the fast response of the 5V loop, and the longer 
settling time of the 12V output are apparent in the 
third trace. This trace is the fed back correction 
signal at the UC1840’s error amplifier output. From 
the middle trace the output impedence of the 12V 
supply can be estimated by noting the approximate 
1ms time constant and dividing it by the 2000uF 
value of the 12V output filter capacitor. This gives a 
value of 0.5.2 for the output impedence. This agrees 
well with actual measurements of the 12V output’s 
load regulation. 
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mvV/DV 
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FIGURE 11: The Transient Response of the 5V Output 
(Top Trace), to a 3.0A Step Load Change 
Reflects the Extended Bandwidth of the 5V 
Loop. The Open-Loop 12V Output (Middle), 
Responds to the Effects of Cross Regula- 
tion. The Feedback Error Signal (Lower) 
Coupled Through the UC1901 is Measured 
at the UC1840 Error Amp. Output. 


7e. The Feedback Response 


Plotted in Figure 12 is the response of the feedback 
network. Also plotted are the asymptotic gain lines 
of the two contributing gain blocks, the UC1901 
response (from 5V output to detector output) and 
the UC1840 error amp response (detector output to 
the PWM control voltage). The UC1901’s error ampli- 
fier is run open loop at DC but is quickly rolled off to 
8dB. With the 12dB of modulator gain, the UC1901 
feedback system has a broadband gain of 20dB. A 
pole at 16KHz is added to reduce the gain through 
the UC1901 error amplifier at the 60kHz switching 
frequency. As mentioned earlier, excessive gain at 
the switching frequency can ‘use up” the dynamic 
range of the UC1901’s AM output. 
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The UC1901 is operated with a carrier frequency 
of 500kHz. The coupling transformer, a Coilcraft 
E3493A, (double E core, bobbin wound construction), 
has a magnetizing inductance of 2.1mH. At 500kHz 
the peak current required to drive the primary 
winding is only 475uA per peak volt. The reflected 
load current is kept much smaller. This aliows the 
transformer to be easily driven from the UC1901 
driver outputs. The E3493A is widely used as a 
common mode line choke, and is rated for V.D.E. 
and U.L. isolation requirements. The transformer 
has a current rating of 2A, greatly exceeding the 
requirements of this application. Even though the 
device is larger than some alternatives, its availa- 
bility and high volume pricing, as well as its isolation 
capability, make it a very suitable choice. 


At the output of the transformer the diode-capacitor 
detector is referenced, along with the inverting input 
of the UC1840 error amplifier, to the UC1840’s 5V 
reference. The operating point of the detector is 
fixed at 0.5V by the divider formed by R,, and R,; in 
Figure 9. This in turn sets the operating point of 
the carrier, with a detector diode drop of 0.5V, at 
about 1V peak. This level is reflected back through 
the one-to-one transformer to the UC1901 outputs. 
A 1V operating point is approximately at the center 
of the devices dynamic range. ; 


The load current at the detector output is 50,/A, set 
by the 0.5V operating level and R,.. The peak to 
peak detector ripple, at 500KHz, across the .001 5yF 
holding capacitor is about 35mV. The gain through 
the UC1840 error amplifier at 500kHz is -26dB, 
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FIGURE 12: Local Feedback Around the UC1901 and 
1840 Error Amplifiers is Used to Obtain the 
Desired Feedback Response. 
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attenuating the ripple to less hans 2mvV at the error 
ee output 


The response of the UC1840 error amplifier is flat 
out to 1kKHz where the gain is rolled off to set the 
loop’s Odb frequency. The DC gain is kept as high 
as possible, to fix the detector operating point, 
without actually having a series integrating capaci- 
tor in the feedback. If both the UC1901 and the 
UC1840 error amplifiers are run open loop at DC, 
with series R-C networks to set the AC gain, the total 
phase margin at low frequencies can become small 
or nonexistent. The result can be instability or, more 
likely, a peaked closed loop response that can 
increase the low frequency noise level of the supply. 


The distribution of gain between the UC1901 and 
UC1840 error amplifiers is somewhat, although not 
entirely, arbitrary. Keeping the 500kHz ripple at the 
PWM comparator input below a certain level puts 
restrictions on the AC gain of the PWM’s error ampli- 
fier. To much AC gain through the UC1901’s ampli- 
fier can degrade the supply’s transient response 
under large signal conditions. A suitable distribu- 
tion for any application will, more than likely, be an 
iterative procedure. A simple computer or pro- 
grammable calculator program can be a great tool 
when massaging these aspects of a design. 
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FIGURE 13: The Over-All Open-Loop Response of the 
Supply Will Determine the Supply’s Over- 
All Stability and Small Signal Transient 
Response. 


The overall open-loop responses, plotted in Figure 
13, will not vary significantly except as indicated 
with load. The desired loop bandwidth has been 
achieved with an adequate phase margin of > 50°. 
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The result is a supply with very repeatable, as well 
as stable, operating characteristics. The same type 
of analysis for determining the required feedback 
response can be used in applying the UC1901 to 
any type of isolated closed loop supply. The choice 
of coupling transformer and carrier frequency used 
with the UC1901 should be based on individual 
system requirements. 
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APPLICATION NOTE 


VERSATILE UC1834 OPTIMIZES 
LINEAR REGULATOR EFFICIENCY 


Linear voltage regulators have long been an important resource to power supply 
designers. Three terminal, fixed-voltage linear regulators find extensive use as “spot” 
regulators and as post-regulation stages fed by switched-mode supplies. However, 
while inexpensive and simple to use, these devices have several performance limitations. 


First, three terminal regulators are inefficient power converters. Power dissipation ina 
linear regulator is given by the relation: 


P = Io « (VIN - Vout). 


Most monolithic regulators now available require an input-to-output voltage differen- 
tial of at least 2 to 3V. This requirement can result in substantial inefficiency, particu- 
larly in low voltage supplies. As switched-mode power technology matures, power 
losses incurred in linear post-regulation stages are becoming more significant in terms 
of overall system efficiency. 


Second, fixed-voltage regulators, with fixed maximum output currents, lack versatility. 
The use of these devices requires that OEMs maintain large, diverse inventories in order 
to support a broad range of power supply requirements. 


Third, fixed three-terminal devices lack the capability of remote voltage sensing, and 
therefore can exhibit poor load regulation. 


Finally, the most common failure mechanism for linear regulators is a shorted pass 
transistor. All critical loads, therefore, require over-voltage protection not provided by 
three-terminal regulators. 


IMPROVED PERFORMANCE WITH UC1834 
The UC1834is a programmable linear regulator control IC which, with an external pass 


transistor, forms a complete linear power supply. This IC provides solutions to all the 
above-mentioned drawbacks of three-terminal devices. 





Figure | shows the basic elements of positive and negative regulators implemented with 
the UC1834. Anerror amplifier monitors the output voltage and provides appropriate 
bias to the pass transistor (QI) through a driver stage. This high-gain error amplifier 
(E/ A) allows good dynamic regulation while allowing Q! to operate near saturation in 
the common-emitter mode. The circuits can achieve high efficiency by maintaining 
output regulation with an input-to-output voltage differential as low as 0.5V (at 5A). 
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The UC1834 has both positive and negative reference voltage outputs, as well as a 
sink-or-source driver stage, as shown in Figure |. These features allow implementation 
of either positive or negative regulators with this single IC, as shown. Output voltages 
from 1.5V to nearly 40V can be programmed by appropriate choice of remote sensing 
divider elements. Remote sensing also allows improved DC and dynamic load 
regulation. 


VinO Ql 







UC1834 


VOLTAGE 
REF. 
VinO vig 





UC1834 


oe 


VOLTAGE 
REF. 
ta — 





Figure 1. Basic Elements of (a.) Positive and (b.) Negative Regulators 
implemented with a UC1834 
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The UC1834 is intended to provide a complete linear regulation system. Therefore, 
many auxiliary features are included on this IC which eliminate the need for additional 
circuit elements. Figure 2 shows a more complete block diagram including on-chip 
provisions for current sensing, fault monitoring, remote voltage sensing, and thermal 
protection. 


12] DRIVER SINK . 


20 
DRIVER SOURCE 


CROWBAR GATE 

O.V. LATCH & RESET 
COMPENSATION/SHUTDOWN 
FAULT DELAY 


+ 
SENSE- [ 6 | CUR 
SENSE 3.5 10] FAULT ALERT 
SENSE+ AMP VOLTS 19] 
THERMAL 
THRESHOLD ADJUST SHUTDOWN 


Figure 2. UC1834 Block Diagram 


Vin- 





DRIVING THE PASS TRANSISTOR 


Figure 3 shows suggested pass transistor configurations for implementing either posi- 
tive or negative regulators with the UC1834. For those low current (<200mA) applica- 
tions in which efficiency is not extremely critical, the UC1834 output transistor can 
serve as the pass element, resulting in the simple configurations of Figure 3a. An 
external pass transistor is needed for output currents greater than 200mA. With the 
circuits of Figure 3c, the UC1834 can maintain regulation while operating the pass 
transistor near saturation. Operation at very high output currents (to ~ 30A) is possible 
with the Darlington pass elements of Figure 3d. 
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Positive Output - Negative Output 


GND OS GND 





GND Ge GND 
a. lout: 0 - 200mA 
Vin ~ Vout 21.0V 





On eee 


b. lout > 200mA 
Vin - Vout>1.2V 


Q1 


Re 


| 


Q2 


c. lout: 0 - bA 
Vin - Vout20.5V 


8 





d. lout > DA 
Vin - Vout 21.2V 


Figure 3. Pass Transistor Configurations 
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Current in the UC1834 output transistor is self-limiting, for improved reliability. This 
limiting is achieved by Q3 and R1 in Figure 4a. The resulting maximum output current 
is a function of temperature as shown in Figure 4b. 


A resistor (Rg) is shown in series with the drive transistor in Figures 3c, d. This resistor 
shares base-drive power with the transistor, allowing cooler, more reliable operation of 
the IC. Rg should be as large as possible while still supporting adequate pass transistor 
base current under worst-case conditions of low input voltage and maximum output 
current: 


VRe(min) = VIN(min) = VBE(max\Q2) - VCE(sat)(max)(Q1) 
IBamax)(Q2) = lOqnax)/ Bamin\(Q2) 
RkE(opt) = VRg(min)/ 1Ba¢max)(Q2) 


where: VRp(min) is minimum voltage available to RE 
IBimax) (Q2) 1s Maximum required base drive to Q2 
RkE(opt) is optimum value of Re. 


Rg also enhances stability by allowing operation of Q1 as an emitter-follower, thereby 
eliminating Bqi from the loop transfer function: 


Ic(Q1) ~ IEQ1) = (VE/A out - VBE(Q1) - VBEQ2))/RE (8 independent). 





400 

300 
lowman 
(mA) 
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100 

0 

—55 25 125 
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Figure 4 a. Driver Current Limiting Circuit 
b. Resulting Maximum Current vs Temperature 
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CURRENT SENSING 


In order to protect the pass transistor from damage due to overheating, one must sense 
its emitter current (Ig) and then decrease the base drive if Ig is excessive. The UC1834 
current sense amplifier (CS/A) accomplishes these tasks. | 


The UC1834 CS/A has a common mode range which includes both input supply 
“rails”. This extended range is made possible by introducing matched voltage offsets in 
the differential input paths, as shown in Figure 5. Internal current sources bias the offset 
diodes in their appropriate direction. Which bias source (+ or -) is active is determined 
by whether the CS/A positive (+) input is greater or less than Vin/2. Therefore, it is 
advisable to configure the sensing circuit such that the voltage at CS/ A(+) will not cross 
ViIn/2 during operation. This precludes sensing in series with the load for most 
applications. 


UC1834 





Figure 5. Two Diode-Drop Offset Allows Current Sensing at Supply Rail 


The CS/A has a programmable current limit threshold which can be set between OmV 
and 150mV. Programming is achieved by setting the voltage at the “Threshold Adjust” 
terminal (pin 4) to 10 * VTH desired). The factor of 10 provides good noise immunity at 
pin 4 while allowing low power dissipation in the current sensing resistor. Figure 6 
shows the guaranteed relationship between Vprnq4 and the actual resulting threshold 
across the CS/A inputs. Note that the threshold is clamped at 150mV if pin 4 is open or 
if VpIn4 > 1.5V. The “Threshold Adjust” input is high impedance (bias current is less 
than 10uA), allowing simple programming through a voltage divider from the 1.5V 
reference output. However, loading the 1.5V reference will affect the regulation of the 
-2.0V reference. Figure 7 shows how to compensate for this loading with a single 
resistor when the -2.0V reference is needed. 
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1 
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Figure 6. Guaranteed Tolerances on C/S Threshold Adjustment 
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Figure 7. Setting the Current Threshold and 
Compensating the —2.0V Reference 


The CS/A functions by pulling the E/A output low, turning off the output driver 
(Figure 8). As current approaches the threshold value, the E/ A attempts to correct for 
the CS/A output, resulting in an E/A input offset voltage.The supply output voltage 
can decrease a proportional amount. When the CS/A input voltage differential reaches 
the current sense threshold, then the pass transistor is totally controlled by the CS/A. 
The combined CS/A and E/A gains and output configurations result in the current 
limit knee characteristic of Figure 9. 
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Figure 8. Current Sense Tied to E/A Output 
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Figure 9. Current Limiting Knee Characteristic 
FOLDBACK CURRENT LIMITING 


It is desirable to put an upper limit on pass transistor power dissipation in order to 
protect that device. Ideally, for a constant power limit: 


Ik(max) * VCE = K where K is a constant : | 
or: T(max) = an - Vout) aati the sense resistor VOHABS TOD). 


As the input-to-out Voltage differential increases, it is necessary to “fold back” the 
maximum allowable current. This ideal foldback characteristic is shown in Figure 10, 
along with a practical characteristic achievable with the circuit of Figure 
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Figure 10. Ideal (Dashed Line) and Practical (Solid Line) 
Foldback Current Limiting Characteristics 
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Figure 11. Foldback Current Limiting — Responds to Changes in Vy or Vout 


This circuit responds to changes in either VIN or Vout. The voltage differential VIN - 
VOUT causes proportional current flow through Ri and Rg. The additional drop across 
Rj is interpreted by the CS/A as additional load current. The result is that the real 
current limit decreases linearly with VIN - Vout: 


0.1(VapD3) (Vin - Vout) R1 


Ik = ss 
ve RSENSE (Ri + R2) RSENSE 


for: Ri + Ro > RSENSE 
VADs = 1.5V 
Ri = Rj. 
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This technique can be susceptible to “latch-off”. If a momentary short at the supply 
output causes Ip to drop to zero (pass transistor cut off), then VouT cannot recover 
when the short is subsequentially removed. To prevent this undesirable operation, one 
must ensure that Ikqax) > 0 when Vout = 0 and Vjn is at its minimum: 


Ip _ 0.1Vaps) _ (Vin - Vout) Ri 
aoe RSENSE (Ri + Ro) RSENSE 
Vout = 0 | 
VIN(min) 
0.1(VADJ) Ry 


VIN(min) Ri + Ra 


-Vinqnin) Ri 0.1 (VaDJ) 
R2> —— (1- 
0.1 (VAD) VIN(min) 


Figure 12 shows an alternative foldback current limiting scheme which responds to 
decreased Vout only. This circuit gives the output characteristics of Figure 13, defined 
by the following relation: 


Tg(max) = 


0.1 RiR2 Vout + R2R3 VRer 
RSENSE RiR2 + RiR3 + ReR3 


This technique is immune to “latch-off” because the minimum current limit is always 
non-zero. 
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le RsSeNsE 
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Figure 12. Foldback Current Limiting — Responds to Changes in Voy; Only 
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Figure 13. Foldback Current Limiting Characteristic 
FAULT CIRCUITRY AND SYSTEM INTERFACING 


In order to minimize the need for additional components, the UC1834 has on-chip 
provisions for fault detection and logic interfacing. These features are particularly 
useful when the linear regulator is part of a larger power supply system. 


As shown in Figure 14, an internal comparator monitors the UC1834 E/ A inputs. This 
comparator has two thresholds, for over- and under-voltage detection. Comparator 
thresholds are fixed at| Vn. — Vinv. | = 150mV. The resulting output voltage windows 
for non-fault operation are: 


+ .150V 

—————— = + 10% for positive (+) supplies 
1.5V 
.150V 

ae = + 7.5% for negative (-) supplies. 


A fault delay circuit prevents transient over- or under-voltage conditions (due to a 
rapidly changing load) being defined as faults. The delay time is programmable. An 
external capacitor at pin 11 is charged from an internal 75yA source. The delay period 
ends when the capacitor voltage reaches ~3.5V. The delay time is therefore ~47ms/ uF. 
The fault alert output (pin 10) becomes an active low if an out-of-tolerance condition 
persists after the delay period. When no fault exists, this output is an open collector. 


An over-voltage fault activates a 100mA crowbar gate drive output (pin 16) which can 
be used to switch on a shunt SCR. Such a fault also sets an over-voltage latch if the reset 
voltage (pin 15) is above the latch reset threshold (typically 0.4V). When the latch is set 
its Q output will pull pin 15 low through a series diode. As long as a nominal pull-up 
load exists, the series diode prevents Q from pulling pin 15 below the reset threshold. 
However, pin 15 is pulled low enough to disable the driver outputs if pins 15 and 14 are 
tied together. With pin 15 and 14 common, the regulator will latch off in response to an 
over-voltage fault. If the fault condition is cleared and pins 14 and 15 are momentarily 
pulled below the latch reset threshold, the driver outputs are re-enabled. 
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Figure 14. Fault Circuitry 


An internal “delay reset latch” prevents crowbar turn-on when an under-voltage 
condition is immediately followed by a transient over-voltage condition. Sucha situa- 
tion could arise from a momentary short circuit at the supply output. | 


A thermal shutdown circuit pulls the E/A output low when junction temperatures 
reach 165°C, in order to protect the IC from excessive power dissipation in the drive 
transistor. 


COMPENSATING THE FEEDBACK LOOP 


A reliable design for any feedback system must yield a closed-loop frequency response 
which ensures unconditional stability. An optimum power supply response provides 
this stability while maximizing broadband gain for good dynamic voltage regulation 
with changing loads. Figure 15 illustrates sucha response. The OdB crossover frequency 
(fc) should be as high as possible while maintaining phase margin above -360° at all 
lower frequencies (Nyquist stability criterion). In practice, this criterion dictates a 
single-pole response below fe. 
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Figure 15. Desired Closed-Loop Response 


Linear supplies using the UC1834 will usually have a current limiting loop in addition to 
the voltage control loop, as illustrated for two basic configurations* in Figure 16. Both 
loops must be stabilized for reliable operation. This is accomplished by appropriately 
compensating the E/A and CS/A at their common output (pin 14). Design of the 
compensation networks will often require an iterative procedure, since the compensa- 
tion for one loop will affect the response of the other. A straightforward approach is 
outlined below: 


1). Determine the frequency response of all voltage loop elements excluding the 
E/A. Appendix I offers guidelines for this step. 


2). Design E/A compensation giving a frequency response which , when added to 
the response calculated in step 1, will yield a total loop characteristic 
consistent with the objectives outlined above. (Appendix II.) 

3). Calculate the current loop response and determine whether it satisfies the 
Nyquist stability criterion. (Appendix III.) If not, add additional 
compensation and then recalculate the voltage loop response. 


4). Iterate if necessary. 


*All other configurations of Figure 3 are variants of these two, and can be treated in essentially the same ways. 
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CONFIGURATION | _ CONFIGURATION II 






VOLTAGE 
LOOP 








Figure 16. Voltage and Current Loops for Two Basic Configurations 


EXAMPLE 


Figure 17 shows a 5V, 5A (positive output) supply of the class shown in Figures 16a, c. 
This circuit tends toward instability when it is lightly loaded because of the high gain 
(8 = 200) of the pass transistor at low currents. Output capacitor C2 is needed to 
introduce a pole which rolls off the gain of the voltage loop to 0dB at 100k Hz, avoiding 
instability due to the additional phase shift of a transistor pole at: 


_f, _ 50MHz 
Bp 200 





= 250kHz 
Assuming a minimum load of 1A (Rx = 59), the low frequency voltage loop gain, 
excluding the E/ A, is (from Appendix I): 


| 1 0.51kO 
Me 1 cece a 
OV Tea oe (1.7 + 0.51) kO 
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Figure 17. 0.5V Input-Output Differential 5A Positive Regulator 


A pole at 5k Hz is required in order to roll off from 26dB to 0dB at 100k Hz. The required 
value of Co is therefore given by: 


| I 


C2 = 29 RL° fp = a7 50° 5kHz = 6.4uF (6.8uF used). 


The dashed curves of Figure 18a show the resulting voltage loop response, excluded the 
compensated E/ A. Notice that the 5k Hz pole (just added ) itself introduces undesirable 
phase lag. Thiscan be corrected by positioning the compensation zero (see Appendix I) 
atthesame frequency. With Rg = 6800 (providing ~ 0dB E/ A gain above 5k Hz), then: 


| 
eee eee AY 
C5 = 3. 6800 - 5kHz ie 


The gain and phase of the compensated E/A (dotted lines) and complete voltage loop 
(solid lines) are also shown in Figure 18a. 


The resulting current loop response (Figure 18b) is seen to meet the stability criterion. 
Gain above 5kHz is given by (from Appendix III): 





| 
- 6800 - ——-~< 200 - 0.0180 = 2.3 =7.4dB. 


i 
AI= =0Q 150 
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Figure 18. Loop Responses for Circuit of Figure 17 
7 a. Voltage Loop 
b. Current Loop 


Reasonable phase margin (~40°) is maintained as the transistor and CS/ A poles roll 
off this small gain to OdB. 


Figure 19 shows the UC1834 used to implement a negative output supply. A Darlington 
pass element provides adequate gain for operation at output current levels up to 10A. 


CONCLUSION © 


Ever-increasing requirements for improved power supply economy and efficiency have 

produced a need for a versatile control IC capable of minimizing power losses in linear 

regulators. The UC1834 meets this need while also supporting all the auxilliary func- 

tions required of such supplies. This control circuit provides for optimized performance 

in a broad range of linear regulators, and in fact extends the range of applications for 
Po which such regulators are appropriate. 


9-40 


APPLICATION NOTE U-95 

















GND © C) GND 
= bx 
FAULT 
00 1yF 
1k 
UC1834 ms 
39k 3 
3 
D. SINK 
0.1 uF C.B. GATE 
en: ee 
RESET 
sake 022uF 
St COMP TALUM CERAMIC 
F. DELAY 
] D. SOURCE 
| fe 7 
INO 3 O. Vout 
(-13 to -15V) 010 UBT430 (-12V) 


Figure 19. —12V, —10A Negative Regulator 
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APPENDIX I - FREQUENCY RESPONSE OF VOLTAGE LOOP ELEMENTS 


A. The configuration of Figure 16a has, in addition to the compensated E/A, the 
following loop elements: 


e Drive Transistor - Rg allows operation of the driver as an emitter follower. 
Together these elements have an effective small signal AC conductance of 1/ Rg. 


® Pass Transistor - Low frequency gain (8) and unity-gain frequency (f7) are usually 
specified. The pass transistor adds a pole to the loop transfer function at fp = fr/ B. 
Therefore, in order to maintain phase margin at low frequencies, the best choice for 
a pass device is often a high frequency, low gain switching transistor. Further 
improvement can be obtained by adding a base-emitter resistor (RBE in Figure 16a) 
which increases the pole frequency to: 


fee tf eh 
PB RBE 


kT _ 0.026mV 
qlce Ic 





where: fe = (at T = 300K). 


Load Impedance - Load characteristics vary greatly with application and operating 
conditions. The most commonly used models and their respective (s domain) 
transfer functions are given in Table 1. Note that there are no poles in the transfer 
functions of those loads which lack shunt capacitance. This can result in a loop 
transfer function which cannot be rolled off to 0dB at a suitably low frequency using 
simple E/A compensation networks. For this reason a shunt output capacitor is 
often added to supplies which must drive loads having low or indeterminant 
capacitance. : 


© Voltage Divider - The output sensing network introduces a gain of R2/(R1 + Ra). 


© Total Loop Gain, excluding the E/A, is therefore given by: 








Ve 1 Ro f; ( pte 
Av = =—-—-: “ZL ° forf<— {1+ —— 
V a Re Bpass ° ZL Ri+Ro 3 \'* Ree 


B. The circuit of Figure 16b has a more straightforward response, since the only element 
(other than the E/A) which introduces any gain is the voltage divider: 


Ro 


Ay = ———— 
” Ri + Ro 
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Load Model Poles @ f= 


I 
| In(ESR)C 


R 
27 L 














_ R(1 + s(ESR)C) 
~ 1+s(R+ESR)C 





27(R + ESR)C 





-R/L+¥V R2/L?-4/LC 


ar 


Table 1. Load Models and their Transfer Functions 
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APPENDIX II - ERROR AMPLIFIER RESPONSE 


Figure 20 shows the open-loop gain and phase response of the UC1834 E/A when 
lightly loaded. The gain curve represents an upper limit on the gain available from the 
compensated amplifier. Note that a second-order pole occurs near 800kHz. Stable 
circuits will require a 0dB crossover well below this frequency (fe < 500kHz). 


The E/A can be compensated with or without the use of local feedback. When operated 
without such feedback (Figure 2la) the transconductance properties of the E/A 
become evident; i.e. the voltage gain in given by: 


Ava) = &m ZC (f S 500kHz) 


where: £M = 1.4mS 


~ 7000 


OUTPUT AT PIN 14 


WITH 820pF TO GND. 
T, = 25°C 


VOLTAGE GAIN — DECIBELS 
$33Y940 — 3SVHd 





10 100 1K 10K 100K 1M 
FREQUENCY — HERTZ 


Figure 20. Error Amplifier Gain and Phase Frequency Response 


When the E/A has local feedback (Figure 21b), its gain is, to a first approximation, 
independent of transconductance: 


| ZF 
AV(E/A) = Zn (f S 500kHz) 
KVo 
VREF 





Figure 21. E/A Compensation (a.) Without and (b.) With Local Feedback 
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However, the use of local feedback creates an additional loop which must be 
independently stable. The UC1834 has no internal compensation to ensure this 
stability, so additional external compensation is usually required. An 820pF capacitor 
from the E/A output to ground will stabilize this inner voltage loop while also 
enhancing current loop stability. 


An additional drawback to the use of local feedback is that Zp places a DC load on the 
E/A output. With a transconductance amplifier this results in additional input offset 
voltage: 


IE/A OUT 


A Vio = &M 


This offset results in degradation of DC regulation. The problem can be averted by 
taking local feedback from the emitter of the drive transistor if the driver is configured 
as an emitter-follower. 


Whatever the compensation scheme, the UC1834 E/A output can sink or source a 
maximum of 100yA. 


Table 2 shows two typical compensation schemes and the resulting E/A transfer 
functions. The first of these circuits is most widely used. 


E/A Gain (Ave/ays) | Poles @ f= 


l 
a ~ 
I 
27 RFCRF 


Table 2. E/A Compensation Circuits and Gain Response 









_ 'gm(1 + sRC) 
sC 








Av 










RF 


is a 
- Rin (1 + s RECF) 
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APPENDIX III - FREQUENCY RESPONSE OF THE CURRENT LOOP 


e CS/A - Figure 22 shows the open-loop gain and phase response of the UC1834 
CS/A. This is also a transconductance amplifier, having gu ~ 1/700 = 14mS. The 
ee gain is analogous to that of the E/ A. The E/ A compensation impedance (Zc 
or ZF(E/A)) is also seen by the CS/A output. For purposes of small signal AC 
analysis, the CS/A will always see this impedance as being returned to VjN (as 
shown in Figures 16c, d) when the E/A is compensated by either of the methods 
shown in Table 2. 


OUTPUT AT PIN 14 
WITH 820pF TO GND. 


VOLTAGE GAIN — DECIBELS 
$33Y¥930 — 3SWHd 





10 100 1K 10K 100K 1M 
FREQUENCY — HERTZ 


Figure 22. Current Sense Amplifier Gain and Phase Frequency Response 


e Pass Transistor - Introduces current gain B to the loop transfer of both basic 
configurations (Figures 16c, d).Considerations outlined in Appendix I also apply 
here. 


@ Sense Resistor - Resistance value RSENSE appears in transfer function for both 
configurations. | 


® Drive Transistor - In the circuit of Figure 16c, Rg allows operation of the driver as 
an emitter-follower. Effective conductance is 1/ RR. 
Closed-loop responses are given by the following: 


for circuit of Figure 16c: 














1 fr Bre 
Ar = 8M: Zc* —— * B: RSENSE : 1+- 
Re ( B ( RBE )) 
for circuit of Figure 16d: 
A — R pepe eee 
=": e Pe ee ea ee e = + : 
I= 8M ° 70 + gz, 8° RSENSE z1< RBE 


“Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire e 03054-0399 
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A 25 WATT OFF-LINE FLYBACK SWITCHING REGULATOR 


Introduction 
This Application Note describes a low cost (less than 
$10.00) switching power supply for applications 
requiring multiple output voltages, e.g. personal 
computers, instruments, etc...The discontinuous 
mode flyback regulator used in this application pro- 
vides good voltage tracking between outputs, which 
allows the use of primary side voltage sensing. This 
sensing technique reduces costs by eliminating the 
need for an isolated secondary feedback loop. 
The low cost, (8 pin) UC3844 current mode control 
chip employed in this power supply provides 
performance advantages such as: 

1) Fast transient response 

2) Pulse by pulse current limiting 

3) Stable operation 
To simplify drive circuit requirements, a TO-220 
power MOSFET (UFN833) is utilized for the power 
switch. This switch is driven directly from the output 
of the control chip. 


Power Supply Specifications 
1. Input voltage: 95VAC to 130VAC (50Hz/60Hz) 
2. Output voltage: 
A. +5V, +5%: 1A to 4A load 
Ripple voltage: 50mV P-P Max. 
B. +12V, +3%: 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max. 
— 12V, +3%: 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max. 
3. Line Isolation: 3750 Volts 
4. Switching Frequency: 40KHz 


5. Efficiency @ Full Load: 70% 


Basic Circuit Operation 


The 117VAC input line voltage is rectified and 
smoothed to provide DC operating voltage for the 
circuit. When power is initially applied to the circuit, 
capacitor C2 charges through R2. When the voltage 


C. 
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across C2 reaches a level of 16V the output of IC1 is 
enabled, turning on power MOSFET Q1. During the 
on time of Q1, energy is stored in the air gap of trans- 
former (inductor) T1. At this time the polarity of the 
output windings is such that all output rectifiers are 
reverse biased and no energy is transferred. Primary 
current is sensed by a resistor, R10, and compared to 
a fixed 1 volt reference inside IC1. When this level is 
reached, Q1 is turned off and the polarity of all 
transformer windings reverses, forward biasing the 
output rectifiers. All the energy stored is now trans- 
ferred to the output capacitors. Many cycles of this 
store/release action are needed to charge the 
outputs to their respective voltages. Note that C2 
must have enough energy stored initially to keep the 
control circuitry operating until C4 is charged to a 
level of approximately 13V. The voltage across C4 is 
fed through a voltage divider to the error amplifier 
(pin 2) and compared to an internal 2.5V reference. 


Energy stored in the leakage inductance of T1 
causes a voltage spike which will be added to the 
normal reset voltage across T1 when Q1 turns off. 
The clamp consisting of D4, C9 and R12 limits this 
voltage excursion from exceeding the BVDSS rating 
of Q1. In addition, a turn-off snubber made up of D5, 
C8 and R11 keeps power dissipation in Q1 low by 
delaying the voltage rise until drain current has 
decreased from its peak value. This snubber also 
damps out any ringing which may occur due to 
parasitics. 


Less than 3.5% line and load regulation is achieved 
by loading the output of the control winding, Nc, with 
R9. This resistor dissipates the leakage energy asso- 
ciated with this winding. Note that R9 must be 
isolated from R2 with diode D2, otherwise C2 could 
not charge to the 16V necessary for initial start-up. 


A small filter inductor in the 5V secondary is added 
to reduce output ripple voltage to less than 50mV. 
This inductor also attenuates any high frequency 
noise. 
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25W OFF-LINE FLYBACK REGULATOR 


Rl 
50 Di 
iW 


117 VAC 





C9 
3300pF 
600V 





Np 


D4 
1N3613 





b2 D3 

1N3612 1N3612 
C3 RQ C4 Ne 

680 A7 uF 
2aur{ 3 25V 
@ 
uCc3844 ae 
220 

1N5820 R8 

7 

470pF 


C6 

.0022uF 

Notes: 1. All resistors are / watt unless noted 
2. See Appendix for construction details 


_ BLOCK DIAGRAM 


oo S/R | OV 


! REF 
{I 


vec [77i2} 
GROUND | 5 /9 | 


2.50V 


INTERNAL 
BIAS 





vee [273] 
comP| 1/1] 
SENSE. L325, 


Note: 1.[A/B] A = DIL-8 Pin Number. B = SO-14 Pin Number. 
2. Toggle flip flop used only in 1844 and 1845. 


CURRENT 
SENSE 
COMPARATOR 

























D6 Ly (Note. 2) 
usD945 = ——— 
+5V 
COM 
+12V 
UFS1002 C12 
OOuF 
|C_ iz V 
|p £12V COM 
Moe as Sur 
® D8 3 
I UES1002 16V 
-12V 
RF C8. 
ace 680pF 
600V 
R10 R11 
DS 
a 1N3613 au 


8/14 


VREF 
~ 5.0V 
50mA 


Ve 


{fod 


OUTPUT 


POWER 
GROUND 


UC3842/3/4/5 CURRENT MODE PWM CONTROLLER 
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TYPICAL SWITCHING WAVEFORMS 


Ton — Drive waveforms Tort — Drive waveforms 


a—— S5V/IDIV ————> 





Upper trace: Q, — Gate to source voltage Upper trace: Q, — Gate to source voltage 
Lower trace: Q, — Gate current Lower trace: Q, — Gate current 





100V/DIV 5A/DIV 

0.5A/DIV 50mV/DIV 
Upper trace: Q, — Drain to source voltage Upper trace: +5V charging current 
Lower trace: Primary current — Ip Lower trace: + 5V output ripple voltage 
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PERFORMANCE DATA 
CONDITIONS 5Vout 12Vout | -12Vout 
Low Line (95VAC) 
+12 @ +5V @ 1.0A 
100mA | 
4.0A 
+12 @ +5V @ 1.0A 5.199 11.73 ~ 11.69 
300mA 
4.0A 4.950 11.68 — 11.63 
Nominal Line (120VAC) 
+12@ +5V @ 1.0A 
100mA — 
: 4.0A 
+5V @ 1.0A 
AOA 
High Line (130VAC) | 
+12 @ -+5V @ 1.0A 
100mA , 
ma? | 4.0A | 
+12V@ +5V@1.0A 5.200 11.71 = 11.67 
300mA | - | e., 
4.0A 4.902 11.66 11.61 


Overall Line and 


Load Regulation 





PARTS LIST 


CAPACITORS Ci0,C11  4700uF, 10V 


C1 250uF, 250V | C12,C13  2200uF, 16V 1K 
POWER MOSFET C2 100uF, 25V C14 100pF, 25V — - 68Q, 3W 
Qi UFN833 C3 = 0.22uF, 25V RESISTORS 0.552, 1W 
RECTIFIERS C4 «ATF, 25V RI 2.7K, 2W 
D1 VMé68 varo | C5 O1yF, 25V R2 | 4.7K, 2W 
1N3612 C6 0047uF, 25V | R3 20K 
4n2613 «| C7 470pF, 25V R4 MAGNETICS © 


USD945 C8 680pF, 600V | RS : T, see appendix 





UES1002 : 3300pF, 600V R6 L, see appendix 
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POWER TRANSFORMER—T1 | 
Core: Ferroxcube EC-35/3C8 Ferroxcube 
Gap: 10 mil in each outer leg EC-35/3C8 
NOTE: For reduced EMI put gap in center leg only. = - 
Use 20 mil. 


Np = 45 


N42 =9 


TRANSFORMER CONSTRUCTION 


Control Winding 


N=10, AWG 30 , 
Seta OQOOCOOCOOUC) _— 2 layers, 3M mylar tape 
+5V out, N=4, AWG 26, —> IOQOOOOO0OO 


6 in parallel 
2 layers 3M mylar tape — (OOOOOOOO << 
- Bobbin—35PCB1 Primary N= 45, AWG 26 


P| 





*— +12V windings N=9, AWG30 
2 wires in parallel, bifilar wound 





5V OUTPUT INDUCTOR 


N=4, AWG 18 








Ferroxcube 
204 T 250 — 3C8 (toroid) 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 : 
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MODELLING, ANALYSIS AND 
COMPENSATION OF THE 
CURRENT-MODE CONVERTER 


Abstract 


As current-mode conversion increases in popularity, several peculiarities associated with fixed-frequency, peak-current 
detecting schemes have surfaced. These include instability above 50% duty cycle, a tendencv towards subharmonic 
oscillation, non-ideal loop response, and an increased sensitivity to noise. This paper will attempt to show that the 
performance of any current-mode converter can be improved and at the same time all of the above problems reduced or 
eliminated by adding a fixed amount of “slope compensation” to the sensed current waveform. 





1.0 INTRODUCTION 


The recent introduction of integrated control circuits designed specifically 
for current mode control has led to a dramatic upswing in the 
application of this technique to new designs. Although the advantages of 
current-mode control over conventional voltage-mode control has been 
amply demonstrated (!-5), there still exist several drawbacks to a fixed 
frequency peak-sensing current mode converter. They are (1) open loop 
instability above 50% duty cycle, (2) less than ideal loop response 
caused by peak instead of average inductor current sensing, (3) tendency 
towards subharmonic oscillation, and (4) noise sensitivity, particularly 
when inductor ripple current is small. Although the benefits of current 
mode control will, in most cases, far out-weight these drawbacks, a 
simple solution does appear to be available. It has been shown by a 
number of authors that adding slope compensation to the current 
waveform (Figure 1) will stabilize a system above 50% duty cycle. If 


ian 





SLOPE 
COMPENSATION 


Ls 
oe aie | 


one is to look further, it becomes apparent that this same compensation 
technique can be used to minimize many of the drawbacks stated above. 
In fact, it will be shown that any practical converter will nearly always 
perform better with some slope compensation added to the current 
waveform. 


The simplicity of adding slope compensation — usually a single resistor — 
adds to its attractiveness. However, this introduces a new problem — that 
of analyzing and predicting converter performance. Small signal AC — 
models for both current and voltage-mode PWM’s have been 
extensively developed in the literature. However, the slope compensated 
or “dual control” converter possesses properties of both with an 
equivalent circuit different from, yet containing elements of each. 
Although this has been addressed in part by several authors (1, 2), there 
still exists a need for a simple circuit model that can provide both 
qualitative and quantitative results for the power supply designer. 


POWER 
SWITCH 






INDUCTOR 
CURRENT 
~A<s switcu 


CURRENT 
ae 


FIGURE 1 —- A CURRENT-MODE CONTROLLED BUCK REGULATOR WITH SLOPE COMPENSATION. 
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The first objective of this paper is to familiarize the reader with the 
peculiarities of a peak-current control converter and at the same time 
demonstrate the ability of slope compensation to reduce or eliminate 
many problem areas. This is done in section 2. Second, in section 3, a 
circuit model for a slope compensated buck converter in continuous 
conduction will be developed using the state-space averaging technique 
outlined in(1). This will provide the analytical basis for section 4 where 
the practical implementation of slope compensation is discussed. 


2.1 OPEN LOOP INSTABILITY 


An unconditional instability of the inner current loop exists for any fixed 
frequency current-mode converter operating above 50% duty cycle — 
regardless of the state of the voltage feedback loop. While some 
topologies (most notably two transistor forward converters) cannot 
operate above 50% duty cycle, many others would suffer serious input 
limitations if greater duty cycle could not be achieved. By injecting a 
small amount of slope compensation into the inner loop, stability will 
result for all values of duty cycle. Following is a brief review of this 
technique. 


Alo — 





INDUCTOR 
CURRENT (IL) 





COMPENSATING 
SLOPE 






C.) DUTY CYCLE > 0.5 WITH SLOPE COMPENSATION 


—- DEMONSTRATION OF OPEN LOOP INSTABILITY IN A 
CURRENT-MODE CONVERTER. 


FIGURE 2 


Figure 2 depicts the inductor current waveform, I,, of a current-mode 
converter being controlled by an error voltage V.. By perturbing the 


current I; by an amount AI, it may be seen graphically that AI will 
decrease with time for D < 0.5 (Figure 2A), and increase with time for 
D > 0.5 (Figure 2B). Mathematically this can be stated as 


Al, = —Al (2) (1) 


Carrying this a step further, we can introduce a linear ramp of slope -m 
as shown in Figure 2C. Note that this slope may either be added to the 
current waveform, or subtracted from the error voltage. This then gives 
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= m2 + m 
Al, =—Alo (= <3 ~) (2) 
Solving for m at 100% duty cycle gives 
m > —’m) (3) 


Therefore, to guarantee current loop stability, the slope of the 
compensation ramp must be greater than one-half of the down slope of 
the current waveform. For the buck regulator of Figure 1, m2 is a 


constant equal to “e Rs, therefore, the amplitude A of the compensating 
waveform should be chosen such that 
V 
A>TRs a (4) 


to guarantee stability above 50% duty cycle. 


2.2. RINGING INDUCTOR CURRENT 


Looking closer at the inductor current waveform reveals two additional 
phenomenon related to the previous instability. If we generalize equation 
2 and plot I, vs nT for all n as in Figure 3, we observe a damped 
sinusoidal response at one-half the switching frequency, similar to that of 
an RLC circuit. This ring-out is undesirable in that it (a) produces a 
ringing response of the inductor current to line and load transients, and 
(b) peaks the control loop gain at % the switching frequency, producing 
a marked tendency towards instability. 


C. L 
V o— 
_ m2 +m : = 
Aln = —Alp-1 IL 
my +m / R 








0 1T 2T 3T 4T 5. 


nT 


FIGURE 3 - ANALOGY OF THE INDUCTOR CURRENT RESPONSE TO 
THAT OF AN RLC CIRCUIT. 


It has been shown in (1), and is easily verified from equation 2, that by 
choosing the slope compensation m to be equal to —m) (the down slope 
of the inductor current), the best possible transient response is obtained. 
This is analogous to critically damping the RLC circuit, allowing the 
current to correct itself in exactly one cycle. Figure 4 graphically 
demonstrates this point. Note that while this may optimize inductor 
current ringing, it has little bearing on the transient response of the 
voltage control loop itself. 


Ve 


Alo 


FIGURE 4 - FOR THE CASE OF m =-my, A CURRENT PERTURBATION 
WILL DAMP OUT IN EXACTLY ONE CYCLE. 
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2.3 SUBHARMONIC OSCILLATION 


Gain peaking by the inner current loop can be one of the most 
significant problems associated with current-mode controllers. This 
peaking occurs at one-half the switching frequency, and — because of 
excess phase shift in the modulator — can cause the voltage feedback 
loop to break into oscillation at one-half the switching frequency. This 
instability, sometimes called subharmonic oscillation, is easily detected 
as duty cycle asymmetry between consecutive drive pulses in the power 
stage. Figure 5 shows the inductor current ofa current-mode controller 
in subharmonic oscillation (dotted waveforms with period 2T). 


Ve 





AD AD 
= 2T 


FIGURE 5 - CURRENT WAVE FORM (DOTTED) OF A CURRENT-MODE 
CONVERTER IN SUBHARMONIC OSCILLATION. 


To determine the bounds of stability, it is first necessary to develop an 
expression for the gain of the inner loop at one-half the switching 
frequency. The technique used in (2) will be paralleled for a buck 
converter with the addition of terms to include slope compensation. 


2.3.1 LOOP GAIN CALCULATION AT %f, 
Referring to figures 5 and 6, we want to relate the input stimulus, AV,, 


to an output current, Al;. From figure 5, two equations may be 
written 


ADmT-ADmT (4) 
AD m, T +AD m T (5) 


AI, 
AVc. 


Adding slope compensation as in figure 6 gives another equation 
AV, = AVc + 2ADmT (6) 
Using (5) to eliminate AVc from (6) and solving forAI;/AV, yields 


Al 
AVe 


ge, |’ ee (7) 


m, +m) +m 





FIGURE 6 — ADDITION OF SLOPE COMPENSATION TO THE CONTROL 
SIGNAL , 


AV, 


AVERAGE 1, 
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For steady state condition we can write 


Dm T=(1 —D) mT (8) 
or — 
D=3—m (9) 


By using (9) to reduce (7), we obtain 


Al, 1 
a a ee ee 1 
AV, 1-—2D(1+m/m) © oe 


Now by recognizing that AI, is simply a square wave of period 2T, we 
can relate the first harmonic amplitude to Aly. by the factor 4/m and 
write the small signal gain at f = “fs as 


ip 4n 


“ve 1 —2D(U +m/m) uy) 


If we assume a capacitive load of C at the output and an error amplifier 
gain of A, then finally, the expression for loop gain at f = % fg is 


4TA 
Mit fee et, 
1 —2D(1 + m/m) 





Loop gain he) 


2.3.2 USING SLOPE COMPENSATION TO ELIMINATE 
SUBHARMONIC OSCILLATION 


From equation 12, we can write an expression for maximum error 
amplifier gain at f = fs to guarantee stability as 


1 — 2D (1 + m/m) 
Amax a maa 


mC 


(13) 


This equation clearly shows that the maximum allowable error amplifier 
gain, Ajax, is a function of both duty cycle and slope compensation. A 
normalized plot of Amax versus duty cycle for several values of slope 
compensation is shown in figure 7. Assuming the amplifier gain cannot 
be reduced to zero at f = fs, then for the case of m = 0 (no 
compensation) we see the same instability previously discussed at 50% 
duty cycle. As the compensation is increased to m = —'mpy, the point 
of instability moves out to a duty cycle of 1.0, however in any practical 


3 m/m2 = —2 
To 
|O 
“Ie 
bo 
=z 2 
z_ 
Zz 
< 
) 
= 
si m/m2 = —] 
x 
<x 
= 





m/m2 = —'”% 


01 2 3 4 5 6 7 8 9 10 
DUTY CYCLE (D) 
FIGURE 7 - MAXIMUM ERROR AMPLIFIER GAIN AT 12 f, (NORMALIZED) 


V.S. DUTY CYCLE FOR VARYING AMOUNTS OF SLOPE 
COMPENSATION. REFER TO EQUATION 13. 
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system, the finite value of A,,,, will drive the feedback loop into 
subharmonic oscillation well before full duty cycle is reached. If we 
continue to increase m, we reach a point, m = —mp, where the 
maximum. gain becomes independent of duty cycle. This is the point of 
critical damping as discussed earlier, and increasing m above this value 
will do little to improve stability for a regulator operating over the full 
duty cycle range. 


2.4 PEAK CURRENT SENSING VERSUS 
AVERAGE CURRENT SENSING 


True current-mode conversion, by definition, should force the average 
inductor current to follow an error voltage — in effect replacing the 
inductor with a current source and reducing the order of the system by 
one. As shown in Figure 8, however, peak current detecting schemes are 
generally used which allow the average inductor current to vary with 
duty cycle while producing less than perfect input to output — or 
feedforward characteristics. If we choose to add slope compensation 
equal to m = —'% my as shown in Figure 9, we can convert a peak 
current detecting scheme into an average current detector, again allowing 
for perfect current mode control. As mentioned in the last section, 
however, one must be careful of subharmonic oscillations as a duty 
cycle of | is approached when using m = —% mp. 





D,; Do 


- PEAK CURRENT SENSING WITHOUT SLOPE COMPENSATION 
ALLOWS AVERAGE INDUCTOR CURRENT TO VARY WITH 
DUTY CYCLE 


D3 


FIGURE 8 





Dy Do 


~- AVERAGE INDUCTOR CURRENT IS INDEPENDENT OF DUTY 
CYCLE AND INPUT VOLTAGE VARIATION FOR A SLOPE 
COMPENSATION OF m = —2 m2. 


D3 


FIGURE 9 
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2.) SMALL RIPPLE CURRENT 


From a systems standpoint, small inductor ripple currents are desirable 
for a number of reasons — reduced output capacitor requirements, 
continuous current operation with light loads, less output ripple, etc. 
However, because of the shallow slope presented to the current sense 
circuit, a small ripple current can, in many cases, lead to pulse width 
jitter caused by both random and synchronous noise (Figure 10). Again, 
if we add slope compensation to the current waveform, a more stable 
switchpoint will be generated. To be of benefit, the amount of slope 
added needs to be significant compared to the total inductor current — 
not just the ripple current. This usually dictates that the slope m be 
considerably greater than mz and while this is desirable for subharmonic 
stability, any slope greater than m = —' mp will cause the converter to 
behave less like an ideal current mode converter and more like a voltage 
mode converter. A proper trade-off between inductor ripple current and 
slope compensation can only be made based on the equivalent circuit 
model derived in the next section. 


Ve 


1 


Lape t 


IpEDESTAL 





FIGURE 10 — A LARGE PEDESTAL TO RIPPLE CURRENT RATIO. 


3.0 SMALL SIGNAL A.C. MODEL 


As we have seen, many drawbacks associated with current-mode control 
can be reduced or eliminated by adding slope compensation in varying 
degrees to the current waveform. In an attempt to determine the full 
effects of this same compensation on the closed loop response, a small 
signal equivalent circuit model for a buck regulator will now be 
developed using the state-space averaging technique developed in (1). 


3.1 A.C. MODEL DERIVATION 


Figure 11a shows an equivalent circuit for a buck regulator power stage. 
From this we can write two state-space averaged differential equations 
corresponding to the inductor current and capacitor voltage as functions 
of duty cycle D 


r _ (Vi — Vo) _ YoU —D) 


= 14 
tL L L ae 
° k V 
Vo=—-2 15 
eR 7 
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FIGURE 11 — BASIC BUCK CONVERTER (A) AND ITS SMALL SIGNAL 
EQUIVALENT CIRCUIT MODEL (B). 


If we now perturb these equations — that in substitute 
Vi; + AV;, Vo + AVo, D +AD and I+ Al, for their respective 


variables — and ignore second order terms, we obtain the small signal 
averaged equations 


e DAI], AV, V,AD 16 
Ai, = -St- At (16) 
e Al, AvVo (17) 
Vo ee eee 


C CR 
A third equation — the control equation — relating error voltage, V., to 
duty cycle may be written from Figure 6 as 


(1 — D) Vo T Rs (18) 


IRs = V. —- mDT — 2L 


Perturbing this equation as before gives 





SO eee ee 
A= ADT (ze 1) a (1 — D) AVo (19) 


By using 19 to eliminate AD from 16 and 17 we arrive at the state- 
space equations 


(20) 
* D AV, V; AVo V; (1 — D) ALLY, 
Shemp SU RST m Noy 27 (m Yo) CTym._ No) 
Rs 2L Rs 2L Rs 2L 
e Al, Avo 
OG: eR, oe 


An equivalent circuit model for these equations is shown in Figure 11B 
and discussed in the next section. 


3.2 A.C. MODEL DISCUSSION 


The model of Figure 11B can be used to verify and expand upon our 


previous observations. Key to understanding this model is the interaction 
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between Rx and L as the slope compensation, m is changed. In most 
cases, the dependent source between Rx and C can be ignored. 


If Rx is much greater than L, as is the case for little or no compensation 
(m = 0), the converter will have a single pole response and act as a true 


a Rc V, 
current mode converter. If Rx is small compared to L (m » aso) 


> 


then a double pole response will be formed by the LRC output filter 
similar to any voltage-mode converter. By appropriately adjusting m, 
any condition between these two extremes can be generated. 


s Vo 
214" 





Of particular interest is the case when m = Since the down 





. : Rs V, 
slope of the inductor current (m» from Figure 6) is equal to S_"0 we 


can write m = —%mp». At this point, Rx goes to infinity, resulting in an 
ideal current mode converter. This is the same point, discussed in 
section 2.4, where the average inductor current exactly follows the error 
voltage. Note that although this compensation is ideal for line rejection 
and loop response, maximum error amp gain limitations as higher duty 
cycles are approached (section 2.3) may necessitate using more 
compensation. | 


Having derived an equivalent circuit model, we may now proceed in its 
application to more specific design examples. Figure 12 plots open loop 
ripple rejection (AAVo/AV;) at 120Hz versus slope compensation for a 
typical 12 volt buck regulator operating under the following conditions: 


Vo = 12V 

Vi = 25V 

L = 200uH 
C = 300uf 
T = 20uS 
Rs = 50 

RL = 109,120 


Again, as the slope compensation approaches —’mp, the theoretical 
ripple rejection is seen to become infinite. As larger values of m are 
introduced, ripple rejection slowly degrades to that of a voltage-mode 
converter (—6.4dB for this example). 
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FIGURE 12 ~ RIPPLE REJECTION AT 120Hz V.S. SLOPE COMPENSATION 
FOR LAMP AND 12AMP LOADS. 
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If a small ripple to D.C. current ratio is used, as is the case for RL = 
lohm in the example, proportionally larger values of slope compensation 
may be injected while still maintaining a high ripple rejection ratio. In 
other words, to obtain a given ripple rejection ratio, the allowable slope 
compensation varies proportionally to the average D.C. current, not the 
ripple current. This is an important concept when attempting to 
minimize noise jitter on a low ripple converter. 


Figure 13 shows the small signal loop response (AVo/AV,) versus 
frequency for the same example of Figure 12. The gains have all been 
normalized to zero dB at low frequency to reflect the actual difference in 
frequency response as slope compensation m is varied. Atm = —% my, (a) SUMMING OF SLOPE COMPENSATION DIRECTLY WITH SENSED CURRENT 
an ideal single-pole roll-off at 6dB/octave is obtained. As higher ratios SIGNAL 

are used, the response approaches that of a double-pole with a 
12dB/octave roll-off and associated 180° phase shift. 
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(b) SUMMING OF SLOPE COMPENSATION WITH ERROR SIGNAL 
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FIGURE 13 - NORMALIZED LOOP GAIN V.S. FREQUENCY FOR VARIOUS 
SLOPE COMPENSATION RATIO’S. 





(c) EMITTER FOLLOWER USED TO LOWER OUTPUT IMPEDANCE OF 
OSCILLATOR. 


FIGURE 14 - ALTERNATIVE METHODS OF IMPLEMENTING SLOPE COMPEN- 
SATION WITH THE UC1846 CURRENT-MODE CONTROLLER. 
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UC3717 and L-C Filter Reduce EMI and 
Chopping Losses in Step Motor 


chopper drive which uses the inductance of the motor 
as the controlling element causes a temperature 
rise in the motor due to hysteresis and eddy current 
losses. For most motors, especially solid rotor construc- 
tions, this extra heat can force the designer to go to a larger motor 
and then derate it, or to a more expensive laminated construction 
in order to produce enough output torque for the job. Regardless 
of the motor type, any extra heat generated within a system will 
have to be removed or else other system components will be 
stressed unnecessarily. This could mean using a fan where con- 
vection cooling might otherwise have sufficed. In addition, the 
EMI generated from both the motor and its leads is of serious con- 
cern to the designer in view of ever-increasing EMI regulations. 
These problems can be virtually eliminated by borrowing a sim- 
ple technique from switching power supply designs, i.e., by plac- 
ing a properly designed low-pass LC filter across the output and 
using this L to control the UC3717. This removes the high fre- 
quency AC chopping losses in the motor by providing it with 
almost pure DC current. It also confines the EMI-causing, high fre- 
quency AC components to within the driver where they are easier 
to handle. This could allow increased wire lengths and possibly 
free up some design constraints, but remember that even though 
DC emits no EMI, the driver will still commutate the windings and 
can produce some components of frequency as high as 10 kHZ. 
The design of the LC filter is straight-forward and its small addi- 
tional cost can be recovered easily. The Unitrode UC3717, a com- 
plete chopper drive for one phase winding on a monolithic IC, 
makes the design job simple. The end result, a cooler running and 
EMI quieter step motor, can be achieved with just a few additional 
passive components. 


Preliminary Considerations 


For our analysis, we will use a “23” frame, bipolar motor with 
a solid rotor and the following specifications: 


Prax = 9.0 Watts = Maximum power dissipation at 25°C 
Vmax = 3.75 Volts = Maximum voltage per motor phase at 
25°C 
Inox = 1.25 Amps = Maximum current per motor phase at 
25°C 
R, = 3.0Ohms_ = Resistance of one phase at 25°C 
*L, = 8.4mH = Inductance of one phase winding 


*It should be noted that L,, as given in a manufacturer's data 
sheet, is not always true average inductance as seen at high cur- 
rent in a circuit, but rather the inductance reading you would 
obtain from a low current inductance bridge. This value can differ 
from in-circuit inductance by a factor of 2 or more! The in-circuit 
inductance for this motor is 5.0 mH. 

We begin by calculating the electrical time constant i one 


phase winding using the resistance value given above and the 

actual motor inductance: 
Tito tere PS 1.67 msec (1) 

R, 3.0 Ohms 
lf one were using a standard voltage drive then it would take 
approximately t,, or 1.67 msec to reach the current level required 
for proper operation. This places a severe restriction on motor 
speed. Increasing the drive voltage will allow the motor to run fas- 
ter but will cause it to draw too much current and overheat. Max- 
imum motor speed may be increased by decreasing the time 
constant. Since L,, is fixed, the only parameter we can change is 
the effective value of R,, by placing a’resistor in series with it. If we 
place a resistor 4 times R,, in series such that total R is 5 times R,, 
and increase the drive voltage by a factor of 5 then we will have 
reduced the time constant by a factor of 5 to 330 usec and also 
increased both the maximum motor speed and maximum power 
output by a factor of 5 each. Unfortunately, we will have increased 

wasted power by a factor of 5 also. 


The Chopper Drive 


Using a chopper drive enables one to run at a higher voltage 
and thus reach proper operating current faster while still protect- 
ing the motor from excessive current that would otherwise flow 
due to the higher voltage. The high voltage is first applied across 
the motor winding and then, when I,,,, is reached, it is switched off. 
(If it were not switched off then the maximum current rating of the 
motor would be quickly exceeded.) The current is then allowed to 
circulate in a loop within the driver and motor for a fixed time per- 
iod (tox) after which the voltage is re-applied to the motor. The 
operating frequency, which is determined by both the motor 
inductance and t,, should be high enough that the resulting cur- 
rent ripple is small compared to the average DC current. Power 
efficiency is relatively high because there is no external resistor 
used. 

Nothing is free in the world of physics, however, and the price 
one pays for the extra power output capability is an increase in 
wasted heat due to hysteresis and eddy current losses within the 
motor instead of in an external resistor. Being within the motor, it 
Can now cause overheating as well as reliability problems. Since 
the excess heat increases rapidly with the overdrive ratio, this 
means that at low overdrive ratios (less than 5-to-1) there will be 
almost negligible heating, but at higher overdrive ratios (more 
than 10-to-1) the induced motor losses can beome as great as, or 
actually exceed, the |?R losses! By placing a low-pass L-C filter in 
the circuit these induced losses can once again become negligi- 
ble. The L and C components selected should be capable of 
operating at frequencies of 25 kHz or higher without heating 
effects in the inductor core or inductive effects in the capacitor. 
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Designing with the UC3717 


Using a supply voltage (v,) of 40 volts (approximately a 10/1 
overdrive), the turn-on rise-time becomes: 


tise = —-Tm X LN (1 - V,/V,) = -1.67 x 10° x Ln (1 - 3.75 / 40) 

= 164 psec (2) 

or an improvement of approximately 10-to-1 in speed capability. 

Using an off-time (t,4) of 30 usec as suggested on the UC3717 

data sheet and limiting current (i,) to 850 mA establishes a voltage 

across the resistive component of the winding (V,..,).during the 
“on” time of: 

Vion = wx R, = .85 x 3.0 = 2.55 Volts (3) 

and during the “ off’ time (due to a 2.6 volt drop across the upper 


transistor, as shown in the data sheet, and a 0.4 volt drop across 
the Schottky “catch” diode) of: 


Vivot = Veansistor + Vaode = 2:6 + 0.4 = 3.0 Volts (4) 


Since the voltage and current changes are small, we can substi- 
tute a resistance (R,) equivalent toV,,oi/l, in series withR, to adjust 
the time constant and allow us to calculate the approximate cur- 
rent ripple (Al,) during tox: 


E to(Ry + R.)| 
Al, = |, \1- exp. Ln = 
- 30x10° x (3.0 + 3.5) 
= .85 x \1 - exp 5x10° 


33 mA p-p (5) 


Knowing Al,,, we can now calculate the on-time (t,,): 

vans 3 

— Aly Xba _ _33x10" x 5x10" _ 4.4 usec 6) 
Vs — Von 40 - 2.55 

and can also find our operating frequency (f) by: 


f=1/ (tor + to) = 1/(4.4 + 30) x 106 = 291 kHz (7) 


VERT = 10 mA/ 
DIV 


HORIZ = 5 psec / 
DIV 


Figure 1. A-C component of motor current for standard 
chopper configuration. 


Since this frequency is well above audible ranges, it will not cause 
any objectionable sound, but there are still the problems of EMI 
and excess motor heating to deal with. It is possible to generate 
EMI due to the current switching that occurs in the motor leads 
because they carry not only the primary frequency, but also many 
higher harmonics as well, so they require careful routing, shield- 
ing, or both. We can put in a low pass L-C filter to remove these 
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high frequencies and still pass normal commutation currents 
without any significant loss of motor performance. 


Design of the L-C Filter 


Figure 2 is a block diagram of a motor connected to 2 UC3717s 
with the low-pass LC filters in place. 

Again we will use a current of 850 mA in each winding, an off- 
time of 30 sec, and an on-time of 4.4 wsec but now we will use an 
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Figure 2. Low-pass L-C filters on outputs. 





external inductance (L) to control the chopping. V4... is the sum of 
the source (V,,) and sink (V,,) voltage drops at 850 mA: 


Vigge = Vig Vek Vege = (2.6 + 19 + 0.36) 
= 49 volts (8) 


In order to minimize the effects of L on the motor current risetime 
we will make it 10 times smaller than L,, or 500 wH. In order to keep 
the peak current in the UC3717 below 1 amp we will use a 0.42 
ohm sense resistor and also limit ,!, to 300 mA. Using a variation of 
equation (6) we can check that: 
2: (V.—Verop)X ton _ (40 -4.9) x 4.4x10° 
7 al 300x10° 

is in keeping with the constraints outlined above. 

Similarly, we would like to find a value for the capacitor (C) such 
that it will have less than 1/10 the impedance of L at 29.1 kHz: 


ae eeemares eh S88 a, NO ss . (10) 
(2xnxfP xb (2 x 3.14 x 29100)’ x 500x10° 7 


= 0.6 pF 


= §15 pH (9) 


The test motor and driver, operated unloaded (nothing con- 
nected to the output shaft) and in the configuration of Figure 2, 
used values of 500 wH for the inductor and 0.47 pF for the capaci- 
tor. Figure 1 and Figures 3 through 6 are waveforms obtained 
from that motor. 

The lower trace of Figure 3 (Figure 3b) shows the 330 mA cur- 
rent sawtooth in the inductor, while the upper trace (Figure 3a) 


shows an 8 mA p-p current ripple in the motor winding. While this 


may seem to indicate only a 12 dB reduction in EMI over Figure 7, 
comparing the sinusoidal waveform of Figure 3a to the “noisy” 
sawtooth waveform of Figure 7 will quickly point out sources of 
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EMI. In Figure 7, the oscillations immediately following each 
switch of the driver are due to the motor’s distributed capacitance 
resonating with its inductance and are a possible source of EMI. In 
addition, sharp current spikes are allowed to pass along the motor 
leads and through the motor’s distributed capacitance unhin- 
dered, thus creating high frequency EMI. EMI spikes were vir- 
tually eliminated from Figure 3a by using alow ESR capacitor and 
‘connecting the motor leads close to the body of the capacitor. 
Figure 4 shows motor current superimposed over the inductor 
current. Just to the left of the center graticle line a ringing occurs in 
the inductor current that also appears in the motor current, 
although attenuated. This ringing occurs at a frequency of: 


a) VERT = 2 
mA / DIV A-C 
component of 
Motor Cur- 
rent with LC 
filter. 


b) VERT = 100 
mA / DIV A-C 
component of 
inductor cur- 
rent with L-C 
filter. 


HORIZ = 5 us / 
DIV 





Figure 3. Motor and inductor current waveforms. 


=1/2nVLxC = 1/6.28 x V 500x10° x 0.47x10° 
10.4 kHz (11) 


which is the resonant frequency of the LC filter. This frequency 
can be lowered by increasing the value of either L or C, although 
at a cost of reducing the high speed performance of the motor. 

The high frequency sawtooth waveforms at the upper, flat por- 
tion of the motor current waveform are the 29.1 KHz chopping cur- 
rents in the inductor. They cause a small corresponding ripple in 
the motor current but, because the chopping frequency is more 
than twice the break frequency of the 2-pole L-C filter, we would 
expect, and can see, an attenuation greater than 12 dB. 

In a 2 phase step motor (sometimes referred to as a 4 phase 
step motor because of the 4 windings used in the unipolar version) 
the STEP RATE, in full steps per second (FSPS), is 4 times the pri- 
mary frequency of the motor current waveform. The two phases of 
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Figure 4. Filter current waveform superimposed over motor 
current waveform. 
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the step motor are operated in quadrature and thus will generate 
4 distinct states in the 2 phases which ay to 4 mechanical 
steps for each electrical cycle. 


FSPS = 4 x frequency (for a 2 or “ 4" uphaias step motor) (12) 


It is important to note at this time that 10.4 kHz is the highest fre- 
quency that can be passed to this motor without attenuation using 
the selected components, but that this corresponds to a step rate 
of 41,600 FSPS! The test motor was able to run at 17,000 full steps 
per second with the L-C filter in place, which is high enough for 
most situations. 

Figures 5 and 6 are current waveforms for the motor running at 
1600 FSPS and 16,000 FSPS respectively. The motor was opera- 
ted with the L-C filter on only the lower trace winding so that the 
waveforms could be compared easily. Looking at Figure 5, one 
can see that the leading edges of both waveforms have the same 


VERT = 500mA / 
| DIV 

Motor current 

without LC filter. 


VERT = 500mA / 
DIV 

Motor current with 
L-C filter. 


HORIZ = 500pS / 
DIV 





Figure 5. Motor currents at 1600 FSPS. 


risetimes, although the filtered one has more suscepibility toward 
ringing. From Figure 6, one can see that torque is down only 3 dB 
at 16,000 FSPS and that there are “glitches” in the unfiltered 
waveform that do not appear in the filtered waveforms. 
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VERT = 500mA / 
DIV 

Motor current 
without L-C filter. 


VERT = 500 mA/ 
DIV 

Motor current with 
L-C filter. 

















HORIZ = 100mS/ 
DIV 






Figure 6. Motor currents at 16,000 FSPS. 


Conclusions 


The use of a low-pass filter can be an effective heat and EMI 
reduction mechanism when used with a step motor chopper 
driver such as the UC3717. The price one pays for a “clean” EMI 
environment is a smail/ loss in very high speed performance. The 
technique may be applied equally well to non-IC chopper drivers 
but the peak currents must be accounted for and the minimum 
value of L adjusted accordingly. 500 :H is the smallest practical L 
that should. be used with the UC3717 since we do not want the 
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2 r larger in order to maintain continuous current in the inductor, but 

UC3717 and L C Filter the physical size may be decreased. If an average current in 
excess of 850 mA is required, then a power amplifier may be 
added as shown in Figure 7. This will extend the peak current 

peak of the ripple to exceed 1.0 amps. This limits the usefulness of | Capabilities of the chopper drive to higher current and will also 

the technique to motors with inductances of 2 mH or more. At _ allow the value of L to be decreased. 

average currents less than 300 mA, the value of L may have to be n 
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Figure 7. UC3717 chopper drive with PIC9Q00B Power Amplifier on one phase of step motor. 

















Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. e P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 ¢ FAX 603-424-3460 | 9 61 


INTEGRATED 


LJ] CIRCUITS 


aan UNITRODE 
APPLICATION NOTE 


U-100A 


UC3842/3/4/5 PROVIDES LOW-COST 
CURRENT-MODE CONTROL 


INTRODUCTION 


The fundamental challenge of power supply design is to 
simultaneously realize two conflicting: objectives: good 
electrical performance and low cost. The UC3842/3/4/5 
is an integrated pulse width modulator (PWM) designed 
with both these objectives in mind. This IC provides de- 
signers an inexpensive controller with which they can ob- 
tain all the performance advantages of current mode op- 
eration. In addition, the UC3842 series is optimized for ef- 
ficient power sequencing of off-line converters, DC to DC 
regulators and for driving power MOSFETs or transistors. 


This application note provides a functional description of 
the UC3842 family and highlights the features of each in- 
dividual member, the UC3842, UC3843, UC3844 and 
UCG3845. Throughout the text, the UC3842 part number 
will be referenced, however the generalized circuits and 
performance characteristics apply to each member of the 
UC3842 series unless otherwise noted. A review of cur- 
rent mode control and its benefits is included and meth- 
ods of avoiding common pitfalls are mentioned. The final 
section presents designs of power supplies utilizing 
UC3842 control. 


REFERENCE 


ERROR 
AMPLIFIER 
VERROR 
Vout 


> 


PWM 
COMPARATOR 


CURRENT-MODE CONTROL 


Figure 1 shows the two-loop current-mode control system 
in a typical buck regulator application. A clock signal initi- 
ates power pulses at a fixed frequency. The termination of 
each pulse occurs when an analog of the inductor current 
reaches a threshold established by the error signal. In this 
way the error signal actually controls peak inductor cur- 
rent. This contrasts with conventional schemes in which 
the error signal directly controls pulse width without regard 
to inductor current. 


Several performance advantages result from the use of 
current-mode control. First, an input voltage feed-forward 
characteristic is achieved; i.e., the control circuit instanta- 
neously corrects for input voltage variations without using 
up any of the error amplifier’s dynamic range. Therefore, 
line regulation is excellent and the error amplifier can be 
dedicated to correcting for load variations exclusively. 


For converters in which inductor current is continuous, 
controlling peak current is nearly equivalent to controlling 
average current. Therefore, when such converters employ 
current-mode control, the inductor can be treated as an 
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Figure 1. Two-Loop Current-Mode Control System 
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error-voltage-controlled-current-source for the purposes of 
small-signal analysis. This is illustrated by Figure 2. The 
two-pole control-to-output frequency response of these 
converters is reduced to a single-pole (filter capacitor in 
parallel with load) response. One result is that the error 
amplifier compensation can be designed to yield a stable 
closed-loop converter response with greater gainband- 
width than would be possible with pulse-width control, giv- 
ing the supply improved small-signal dynamic response to 
changing loads. A second result is that the error amplifier 
compensation circuit becomes simpler, as illustated in Fig- 
ure 3. Capacitor C; and resistor Riz in Figure 3a add a low 
frequency zero which cancels one of the two control-to- 
output poles of non-current-mode converters. For large- 
signal load changes, in which converter response is limit- 
ed by inductor slew rate, the error amplifier will saturate 
while the inductor is catching up with the load. During this 
time, C; will charge to an abnormal level. When the induc- 
tor current reaches its required level, the voltage on QC; 


VReF 
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causes a corresponding error in supply output voltage. 
The recovery time is RjzC;, which may be quite long. How- 
ever, the compensation network of Figure 3b can be used 
where current-mode control has eliminated the inductor 
pole. Large-signal dynamic response is then greatly im- 
proved due to the absence of Cj. 


Current limiting is greatly simplified with current-mode con- 
trol. Pulse-by-pulse limiting is, of course, inherent in the 
control scheme. Furthermore, an upper limit on the peak 
current can be established by simply clamping the error 
voltage. Accurate current limiting allows optimization of 
magnetic and power semiconductor elements while ensur- 
ing reliable supply operation. 


Finally, current-mode controlled power stages can be op- 
erated in parallel with equal current sharing. This opens 
the possibility of a modular approach to power supply de- 
sign. 


VIN 


VOLTAGE 
CONTROLLED 
CURRRENT 
SOURCE 


O Vout 
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Figure 2. Inductor Looks Like a Current Source to Small Signals 
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A) Direct Duty Cycie Control 





Vret 
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B) Current Mode Control 


Figure 3. Required Error Amplifier Compensation for Continuous Inductor Current Designs 
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‘THE UC3842/3/4/5 SERIES OF CURRENT-MODE PWM IC’S 


DESCRIPTION 


The UC1842/3/4/5 family of control ICs provides the nec- 
essary features to implement off-line or DC to DC fixed 
frequency current mode control schemes with a minimal 
external parts count. Internally implemented circuits in- 
clude under-voltage lockout featuring start up current less 
than 1 mA, a precision reference trimmed for accuracy at 
‘the error amp input, logic to insure latched operation, a 
PWM comparator which also provides current limit control, 
and a totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for driving ei- 
ther N Channel MOSFETs or bipolar transistor switches, is 
low in the off state. | 


Differences between members of this family are the un- 
der-voltage lockout thresholds and maximum duty cycle 
ranges. The UC1842 and UC1844 have UVLO thresholds 
of 16V (on) and 10V (off), ideally suited to off-line applica- 
tions. The corresponding thresholds for the UC1843 and 
UC1845 are 8.5V and 7.9V. The UC1842 and UC1843 can 
operate to duty cycles approaching 100%. A range of 
zero to <50% is obtained by the UC1844 and UC1845 by 
the addition of an internal toggle flip flip which blanks the 
output off every other clock cycle. 


IC SELECTION GUIDE 


UVLO MAXIMUM DUTY CYCLE 
UC3845 UC3843 
UC3844 UC3842 

vee Za 


GROUND | 5/11 | 













2.50V i 





Rr/Cr 4/6 | 


vr [27 
comp | 1/3 | 
SENSE 3/3. 


FEATURES 

e Optimized for Off-Line and DC to DC Converters 
© Low Start Up Current (<1 mA) 

e Automatic Feed Forward Compensation 

© Pulse-By-Pulse Current Limiting 

© Enhanced Load Response Characteristics 
© Under-Voltage Lockout with Hysteresis 

© Double Pulse Suppression 

® High Current Totem Pole Output 

@ Internally Trimmed Bandgap Reference 

@ 500 kHz Operation 

© Low Ro Error Amp 


RECOMMENDED USAGE 


APPLICATION 
(CIRCUIT) 
FLYBACK 


FORWARD 
BUCK/BOOST 






POWER SUPPLY INPUT (V) 


HIGH (OFFLINE) 
UC3844/2 
UC3842/4 










34V 
5 4 5V /As| 
S/n oy . )38/ 
| | O VREF 


5.0V 
50mA 
INTERNAL 
BIAS 7/13: 
Vc 


6/2] 


OUTPUT 


CURRENT | 5/10) 


SENSE POWER 
COMPARATOR GROUND 


Note: 1. A= DIL-8 Pin Number. B = SO-16 Pin Number. 


2. Toggle flip flop used only in 1844A and 1845A. 


Figure 4 
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UNDER-VOLTAGE LOCKOUT 


The UVLO circuit insures that Vcc is adequate to make 
the UC3842/3/4/5 fully operational before enabling the 
output stage. Figure 5 shows that the UVLO turn-on and 
turn-off thresholds are fixed internally at 16V and 10V re- 
spectively. The 6V hysteresis prevents Vcc oscillations 
during power sequencing. Figure 6 shows supply current 
requirements. Start-up current is less than 1 mA for effi- 
cient bootstrapping from the rectified input of an off-line 
converter, as illustrated by Figure 6. During normal circuit 
operation, Vcc is developed from auxiliary winding Waux 
with Dy and Cjy. At start-up, however, Cy must be 
charged to 16V through Rijy. With a start-up current of 1 
mA, Rin can be as large as 100 kO and still charge Cy 
when Vac = 90V RMS (low line). Power dissipation in 
Rin would then be less than 350 mW even under high line 
(Vac = 130V RMS) conditions. 


During UVLO; the output driver is in a low state. While it 
doesn’t exhibit the same saturation characteristics as nor- 
mal operation, it can easily sink 1 milliamp, enough to in- 
sure the MOSFET is held off. 







ON/OFF COMMAND 
TO REST OF IC 


UC1842 | UC1843 
UC1844 | UC1845 







Figure 5 
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Figure 6. During Under-Voltage Lockout, the output 
driver is biased to sink minor amounts of 
current. 


OSCILLATOR 


The UC3842 oscillator is programmed as shown in Figure 
8. Timing capacitor Cy is charged from Vref (5V) through 
the timing resistor Ry, and discharged by an internal cur- 
rent source. 


The first step in selecting the oscillator components is to 
determine the required circuit deadtime. Once obtained, 
Figure 9 is used to pinpoint the nearest standard value of 
Cry for a given deadtime. Next, the appropriate Rt value is 
interpolated using the parameters for Cy and oscillator 
frequency. Figure 10 illustrates the Ry/C7 combinations 
versus oscillator frequency. The timing resistor can be cal- 
culated from the following formula. 


Fosc (kHz) = 1.72 / (Rr (k) x Cr (uf)) 


The UC3844 and UC3845 have an internal divide-by-two 
flip-flop driven by the oscillator for a 50% maximum duty 
cycle. Therefore, their oscillators must be set to run at 
twice the desired power supply switching frequency. The 
UC3842 and UC3843 oscillator runs AT the switching fre- 
quency. Each oscillator of the UC3842/3/4/5 family can 
be used to a maximum of 500 kHz. 
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Figure 7. Providing Power to the UC3842/3/4/5 
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MAXIMUM DUTY CYCLE 


The UC3842 and UC3843 have a maximum duty cycle of 
approximately 100%, whereas the UC3844 and UC3845 
are clamped to 50% maximum by an internal toggle flip 
flop. This duty cycle clamp is advantageous in most fly- 
back and forward converters. For optimum IC perform- 
ance the deadtime should not exceed 15% of the oscilla- 
tor clock period. 


During the discharge, or “dead” time, the internal clock 
signal blanks the output to the low state. This limits the 
maximum duty cycle Dyax to: 


Dmax = 1 — (toeaD / tpeRiop) UC3842/3 
Dmax = 1 — (tpeAD / 2 X tpeRiop) UC3844/5 
where TpeRiop = 1 / F oscillator 
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Figure 8 
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_ Figure 9 
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Figure 10 
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CURRENT SENSING AND LIMITING 


The UC3842 current sense input is configured as shown 
in Figure 12. Current-to-voltage conversion is done exter- 
nally with ground-referenced resistor Rg. Under normal 
operation the peak voltage across Rs is controlled by the 


E/A according to Me following relation: 

Vo — 1.4V _ 

lp = ——— 
3Rs > 


where Vo = control voltage = E/A output voltage. 


Rs can be connected to the power circuit directly or 
through a current transformer, as Figure 11 illustrates. 
While a direct connection is simpler, a transformer can re- 


duce power dissipation in Rs, reduce errors caused by the 


base current, and provide level shifting to eliminate the re- 
straint of ground-referenced sensing. The relation be- 
tween Vc and peak current in the power stage is given by: 





. "a 
soo) N al 

i = N Ve — 1.4V 

(pk) ( Rs 3Rg \ © 

where: N = current sense transformer turns ratio 


I 


1 when transformer not used. 


For purposes of small-signal analysis, the control-to- 
sensed-current gain is: 


ok) _ _N_ 
Vo 3Rs 


When sensing current in series with the power transistor, 
as shown in Figure 11, the current waveform will often 
have a large spike at its leading edge. This is due to recti- 
fier recovery and/or inter-winding capacitance in the pow- 
er transformer. If unattenuated, this transient can prema- 
turely terminate the output pulse. As shown, a simple RC 
filter is usually adequate to suppress this spike. The RC 
time constant should be approximately equal to the cur- 
rent spike duration (usually a few hundred nanoseconds). 


The inverting input to the UC3842 current-sense compara- 
tor is internally clamped to 1V (Figure 12). Current limiting 
occurs if the voltage at pin 3 reaches this threshold value, 
i.e., the current limit is defined by: 


N x 1V 





Imax = 


Rs 







uC 
3842/3/4/5 
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Figure 11. Transformer-Coupled Current Sensing 
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Figure 12. Current Sensing 


ERROR AMPLIFIER 


The error amplifier (E/A) configuration is shown in Figure 
13. The non-inverting input is not brought out to a pin, but 
is internally biased to 2.5V + 2%. The E/A output is 
available at pin 1 for external compensation, allowing the 
user to control the converter’s closed-loop frequency re- 
sponse. . 


Figure 14 shows an E/A compensation circuit suitable: for 
stabilizing any current-mode controlled topology except for 
flyback and boost converters operating with inductor cur- 
rent. The feedback components add a pole to the loop 
transfer function at fp = Yaa Rre,Cre. Re and Cr are cho- 
sen so that this pole cancels the zero of the output filter 
capacitor ESR in the power circuit. R; and Re fix the low- 
frequency gain. They are chosen to provide as much gain 
as possible while still allowing the pole formed by the out- 
put filter capacitor and load to roll off the loop gain to uni- 
ty (0 dB) at f ~ fswitcHinG/4. This technique insures 
converter stability while providing good dynamic response. 


Ve 





2.50V 
0019-15 
Figure 14. Compensation 


The E/A output will source 0.5 mA amd sink 2 mA. A low- 
er limit for Re is given by: 


V —-2.5V 6V — 2.5V 
EA OUT (MAX) = gia 


R ~ 
F(MIN) 0.5 mA 0.5 mA 
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Figure 13. E/A Configuration 





APPLICATION NOTE 


E/A input bias curret (2 wA max) flows through Rj, result- 
ing in a DC error in output voltage (Vo) given by: 


AVomax) = (2 »A) Ri, 


It is therefore desirable to keep the value of Rj, as low as 
possible. 


Figure 15 shows the open-loop frequency response of the 
UC3842 E/A. The gain represents an upper limit on the 
gain of the compensated E/A. Phase lag increases rapidly 
as frequency exceeds 1 MHz due to second-order poles 
at ~ 10 MHz and above. 


Continuous-inductor-current boost and flyback converters 
each have a right-half-plane zero in their transfer function. 
An additional compensation pole is needed to roll off loop 
gain at a frequency less than that of the RHP zero. Rp 
and Cp in the circuit of Figure 16 provide this pole. 


TOTEM-POLE OUTPUT 


The UC3842 PWM has a single totem-pole output which 
can be operated to +1 amp peak for driving MOSFET 
gates, and a +200 mA average current for bipolar power 


VOLTAGE GAIN — (dB) 
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transistors. Cross conduction between the output transis- 
tors is minimal, the average added power with Vij = 30V 
is only 80 mW at 200 kHz. 


Limiting the peak current through the IC is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET. The value is determined by di- 
viding the totem-pole collector voltage Vc by the peak 
current rating of the IC’s totem-pole. Without this resistor, 
the peak current is limited only by the dV/dT rate of the 
totem-pole switching and the FET gate capacitance. 


The use of a Schottky diode from the PWM output to 
ground will prevent the output voltage from going exces- 
sively below ground, causing instabilities within the IC. To 
be effective, the diode selected should have a forward 
drop of less than 0.3V at 200 mA. Most 1- to 3-amp 
Schottky diodes exhibit these traits above room tempera- 
ture. Placing the diode as physically close to the PWM as 
possible will enhance circuit performance. Implementation 
of the complete drive scheme is shown in the following di- 
agrams. Transformer driven circuits also require the use of 
the Schottky diodes to prevent a similar set of circum- 


(.) — 3SWHd 


FREQUENCY — (Hz) 
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Figure 15. Error Amplifier Open-Loop Frequency Response 


Vo 
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Figure 16. E/A Compensation Circuit for Continuous Boost and Flyback Topologies 
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APPLICATION NOTE 


stances from occurring on the PWM output. The ringing 
below ground is greatly enhanced by the transformer leak- 
age inductance and parasitic capacitance, in addition to 
the magnetizing inductance and FET gate capacitance. 
Circuit implementation is similar to the previous example. 


Figures 18, 19 and 20 show suggested circuits for driving 
MOSFETs and bipolar transistors with the UC3842 output. 
The simple circuit of Figure 18 can be used when the 
control IC is not electrically isolated from the MOSFET 
turn-on and turn-off to +1 amp. It also provides damping 
for a parasitic tank circuit formed by the FET input capaci- 
tance and series wiring inductance. Schottky diode D1 
prevents the output of the IC from going far below ground 
during turn-off. 


SATURATION VOLTAGE — (V) 





0 
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Figure 17. Output Saturation Characteristics 


20 TO 30V 
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Figure 19. Isloated MOSFET Drive 
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Figure 19 shows an isolated MOSFET drive circuit which 
is appropriate when the drive signal must be level shifted 
or transmitted across an isolation boundary. Bipolar tran- 
sistors can be driven efficiently with the circuit of Figure 
20. Resistors Ry and Ro fix the on-state base current 
while capacitor C; provides a negative base current pulse 
to remove stored charge at turn-off. 


Since the UC3842 series has only a single output, an in- 
terface circuit is needed to control push-pull half or full 
bridge topologies. The UC3706 dual output driver with in- 
ternal toggle flip-flop performs this function. A circuit ex- 
ample at the end of this paper illustrates a typical applica- 
tion for these two ICs. Increased drive capability for driv- 
ing numerous FETs in parallel, or other loads can be ac- 
complished using one of the UC3705/6/7 driver ICs. 


10 TO 20V 
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Figure 18. Direct MOSFET Drive 


12 TO 20V 
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Figure 20. Bipolar Drive with Negative Turn-Off Bias 





APPLICATION NOTE 


NOISE 


As mentioned earlier, noise on the current sense or con- 
trol signals can cause significant pulse-width jitter, particu- 
larly with continuous-inductor-current designs. While slope 
compensation helps alleviate this problem, a better solu- 
tion is to minimize the amount of noise. In general, noise 
immunity improves as impedances decrease at critical 
points in a circuit. 


One such point for a switching supply is the ground line. 
Small wiring inductances between various ground points 
on a PC board can support common-mode noise with suf- 
ficient amplitude to interfere with correct operation of the 
modulating IC. A copper ground plane and separate return 
lines for high-current paths greatly reduce common-mode 
noise. Note that the UC3842 has a single ground pin. 
High sink currents in the output therefore cannot be re- 
turned separately. 


Ceramic monolythic bypass capacitors (0.1 wF) from Voc 
and Vre_er to ground will provide low-impedance paths for 
high frequency transients at those points. The input to the 
error amplifier, however, is a high-impedance point which 
cannot be bypassed without affecting the dynamic re- 
sponse of the power supply. Therefore, care should be 
taken to lay out the board in such a way that the feed- 
back path is far removed from noise generating compo- 
nents such as the power transistor(s). 


Figure 21 illustrates another common noise-induced prob- 
lem. When the power transistor turns off, a noise spike is 
coupled to the oscillator Ry/C7y terminal. At high duty cy- 
cles the voltage at Ry/Cry is approaching its threshold lev- 
el (~2.7V, established by the internal oscillator circuit) 
when this spike occurs. A spike of sufficient amplitude will 
prematurely trip the oscillator as shown by the dashed 
lines. In order to minimize the noise spike, choose Cy as 
large as possible, remembering that deadtime increases 
with Cr. It is recommended that Cy never be less than 
~ 1000 pF. Often the noise which causes this problem is 
caused by the output (pin 6) being pulled below ground at 
turn-off by external parasitics. This is particularly true 





NOISE INDUCED 
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when driving MOSFETs. A Schottky diode clamp from 
ground to pin 6 will prevent such output noise from feed- 
ing to the oscillator. If these measures fail to correct the 
probelm, the oscillator frequency can always be stabilized 
with an external clock. Using the circuit of Figure 31 re-. 
sults in an Ry/Cy waveform like that of Figure 21B. Here 
the oscillator is much more immune to noise because the 
ramp voltage never closely approaches the _ internal 
threshold. 


SYNCHRONIZATION 


The simplest method to force synchronization utilizes the 
timing capacitor (Cy) in near standard configuration. Rath- 
er than bring Cr to ground directly, a small resistor is 
placed in series with Cy to ground. This resistor serves as 
the input for the sync pulse which raises the Cy voltage 
above the oscillator’s internal upper threshold. The PWM 
is allowed to run at the frequency set by Ry and Cy until 
the sync pulse appears. This scheme offers several ad- 
vantages including having the local ramp available for 
slope compensation. The UC3842/3/4/5 oscillator 
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me 0019-32 
Figure 22. Sync Circuit implementation 
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Figure 21. (a.) Noise on Pin 4 can cause oscillator to pre-trigger. 
(b.) With external sync., noise does not approach threshold level. 
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APPLICATION NOTE 


must be set to a lower frequency than the sync pulse 
stream, typically 20 percent with a 0.5V pulse applied 
across the resistor. Further information on synchronization 
can be found in “Practical Considerations in Current Mode 
Power Supplies” listed in the reference appendix. 


The UC3842 can also be synchronized to an external 
clock source through the Ry/Cy terminal (Pin 4) as shown 
in Figure 23. 


In normal operation, the timing capacitor Cy is charged 
between two thresholds, the upper and lower comparator 
limits. As Cy begins its charge cycle, the output of the 
PWM is initiated and turns on. The timing capacitor contin- 
ues to charge until it reaches the upper threshold of the 
internal comparator. Once intersected, the discharge cir- 
Cuitry activates and discharges Cy until the lower thresh- 
old is reached. During this discharge time the PWM output 
is disabled, thus insuring a “dead” or off time for the out- 
put. 


A digital representation of the oscillator charge/discharge 
status can be utilized as an input to the Ry/Cy terminal. 
In instances like this, where no synchronization port is 
easily available, the timing circuitry can be driven from a 


Duax = tr (ty + tD 
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digital logic input rather than the conventional analog 
mode. The primary considerations of on-time, dead-time, 
duty cycle and frequency can be encompassed in the digi- 
tal pulse train input. 


A LOW logic level input determines the PWM maximum 
ON time. Conversely, a HIGH input governs the OFF, or 
dead time. Critical constraints of frequency, duty cycle or 
dead time can be acurately controlled by anything from a 
555 timer to an elaborate microprocessor controlled soft- 
ware routine. 
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ty = 0.693 (Ra + Rp) C Voc 
t_ = 0.693 RgC 
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Figure 23 
Synchronization to an External Clock 
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Figure 24 
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SYNC PULSE GENERATOR | 

The UC3842/3/4/5 oscillator can be used to generate scheme. Triggered by the master’s deadtime, this circuit is 
sync pulses with a minimum of external components. This useable to several hundred kilohertz with a minimum of 
simple circuit shown in Figure 25 triggers on the falling delays between the master and slave(s). The photos 
edge of the C7 waveform, and generates the sync pulse shown in Figures 26 and 27'depict the circuit waveforms 
required for the previously mentioned synchronization of interest. 






2N2907 


GND = GND 
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Figure 25.;\Sync Pulse Generator Circuit 





Top Trace: 
Circuit Input 
Top Trace: 
Slave Cy 
Bottom Trace: 
Circuit Output Bottom Trace: 
Across 24 Ohms Master Cy 
Vertical: 0.5V/CM Both Vertical: 0.5V/CM Both 
Horizontal: 0.5yS/CM Horizontal: 0.5uS/CM 
Figure 26. Operating Waveforms at 500 kHz , Figure 27. Master/Slave Sync Waveforms at Cr 
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CHARGE PUMP CIRCUITS 
LOW POWER DC/DC CONVERSION 


Step Up Inverting 
Vo ~ 2 X< Vin Vo =~ —Vin 


*Vin +Vin 









Foyt ~ 100 KHz DUTY % = 50 


DUTY ex = 50% 


1 nF 


“Vin “Vin 
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Figure 28 Figure 29 


Low Power Buck Regulator—Voltage Mode 


The basic buck regulator is described 
in the UNITRODE Applications Hand- 
book. 

*Consult UNITRODE Power Supply 
Design Seminar Book for compensa- 
tion details; see “Closing The Feed- 
back Loop”, Buck Topology. 


L 


+Vin 


0.1 nF 


-V 
IN 0019-47 


Figure 30 
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CIRCUIT EXAMPLES 


1. Off-Line Flyback 


Figure 31 shows a 25W multipie-output off-line flyback 
regulator controlled with the UC3844. This regulator is low 
in cost because it uses only two magnetic elements, a pri- 
mary-side voltage sensing technique, and an inexpensive 
control circuit. Specifications are listed below. 


R1 
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Also consult UNITRODE application note U-96 in the ap- 
plications handbook. 





50. D1 D6 L, (NOTE 2) 
1W USD945 
e +5V 
R12 
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D4 COM 
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Figure 31 


Power Supply Specifications 


-_ 1. Input Voltage: 95 VAC to 130 VAC (50 Hz/60 Hz) 
2. Line Isolation: 3750V 

3. Switching Frequency: 40 kHz 

Kes 4. Efficiency @ Full Load: 70% 

| 5. Output Voltage: . 

A. +5V, +5%: 1A to 4A load 


[| Ripple voltage: 50 mV P-P Max. 
| B. +12V, +3% 0.1A to 0.3A load 
Ripple voltage: 100 mV P-P Max. 
—12V +3%, 0.1A to 0.3A load 
Ripple voltage: 100 mV P-P Max. 


C. 
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Figure 32. 500W Push-Pull DC-to-DC Converter 








2. DC-to-DC Push-Pull Converter 


Figure 45 is a 500W push-pull DC-to-DC converter 
utilizing the UC3842, UC3706, and UC3901 ICs. It 
operates from a standard telecommunications bus 
to produce 5V at up to 100A. Operation of this cir- 
cuit is detailed in Reference 8. 


SPECIFICATIONS: 
input Voltage: —48V +8V 
Output Voltage: +5V 
Output Current: 25A to 100A 
Oscillator Frequency: 200 kHz 
Line Regulation: 0.1% 
Load Regulation: 1% 
Efficiency @ Vin = 48V 
lo = 25A: 75% 
lo = 50A: 80% 
Output Ripple Voltage: 200 mV P-P 


Also consult application note U-101 in the Unitrode 
Applications Handbook. 
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—  UC1637/2637/3637 | 
SWITCHED MODE CONTROLLER 
FOR DC MOTOR DRIVE 


INTRODUCTION 

There is an increasing demand today for motor control 
circuits, as a result of the incredible proliferation of auto- 
mated position control equipment, which is itself made 
possible by recent developments in the field of digital 
computation. . 

The UC1637 Switched Mode Controller for DC motors is 
one of several integrated circuits offered by Unitrode for 
motor controls. This Application Note presents the general 
principles of its operation and the circuit details that optim- 
ize its use. As an illustration we will carry out an actual 
design, which will involve not only the UC1637, but also a 
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power H-bridge using MOSFET transistors, and a modern 
DC motor tachometer. Using the tach output and 
UC1637's error amplifier, we will close the velocity control 
loop after a brief analysis of the factors that affect the 
feedback loop stability. 

To achieve high efficiency power amplification, the 
UC1637 uses pulse width modulation, or PWM. This tech- 
nique is employed today in many different circuits where 
power losses must be minimized, and is most suitable in — 
applications involving inductive loads such as motors, 
voice Coils, etc. 


+Ain —AIN 


14 | SHUTDOWN 





Bout 


-C/L 
+C/L 


-Bin +Bin 


‘FIGURE 1. BLOCK DIAGRAM OF UC1637. 
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APPLICATION NOTE 


PULSE WIDTH MODULATION (PWM) 


The function of a power amplifier is to regulate the flow of 
energy from a power supply to a load, under the control of an 
input signal. A linear amplifier does this by interposing a 
controlled voltage drop in series with the load, while carrying 
the full load current. The product of this voltage and current 
represents the amount of power that must be dissipated by 
the amplifier itself, and it is easy to see that the method is not 
very efficient. In fact, its usefulness diminishes rapidly as the 
amount. of power to be controlled increases and, at some 
point, a more efficient method becomes imperative. 


PWM is a switching technique in which the supply voltage is 
fully applied (switched) to the load and then removed, the 
“on” and “off” times being precisely controlled. The effect on 
the load is the same as if some lower voltage were continu- 
ously applied whose value depended on the duty-cycle, that 
is, the ratio of “on” time to the full switching period. Since 
supply current only flows during the “on” times, it is apparent 
that the efficiency should be much higher than in the linear 
amplifier, as in fact it is. Still, switching transistors have small 
but finite “on” voltages and transition times, all of which 
introduce losses, which limit practical PWM efficiencies to 
something between 75% and 90%. 


THE UC1637 


The diagram of Figure 1 shows in block form the internal 
organization of the device. The main functions are: 

A) Triangular wave generator; CP, CN, S1, SR1 

B) PWM comparators; CA, CB 

) Output control gates; NA, NB 

) Current limit; CL, SRA, SRB 
) Error amplifier; EA 
) Shutdown comparator; CS 
) Undervoltage lockout; UVL 
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The two output lines, Aour and Bour, are meant to drive the 
two legs of an H-bridge power amplifier, with the load driven 
in bipolar fashion. The Aour and Bour Outputs themselves are 
rated at 500mA peak and 100mA continuous, which makes 
it easy to interface the device with most amplifiers. 


In order to generate two PWM output signals, we first pro- 
duce a triangular waveform, or linear ramp. This is done by 
charging a capacitor Cr (pin 2) with constant current Is until 
the comparator CP, with a fixed threshold voltage of +Vsu, 
delivers a pulse to “set’ the SR1 latch circuit. This forces Q 
high, which closes the switch S1 and adds a negative cur- 
rent, 2xls, to the node of pin 2. As a result, a net current equal 
to ls now flows out of Cr, discharging it linearly until the 
comparator CN resets SR1, and the cycle restarts. Thus, the 
voltage at pin 2 ramps continuously between —VrH and +VtH 
at a frequency that depends on these two threshold voltages, 
on Cr, and on ls. 


The current Ils is programmed by means of a resistor con- 
nected to pin 18. The voltage at this pin is equal to +VrH and 
an internal current mirror forces the charging current Is to be 
equal to the current flowing out of pin 18. If a resistor Rs is 
connected from pin 18 to -Vs (pin 5)instead of to ground, the 
ramp frequency becomes independent of power supply vol- 
tage variations, since ls will then change together with Vrn. 


As Figure 2 shows, a triangular waveform can be compared 
with a reference voltage to generate a PWM signal. The 
UC1637 uses two separate comparators to generate the two 
output signals Aour and Bour. The way the signals are 
handled, and the results, are shown in Figure 3 where it can 
be seen that the difference between Va and Vs is the cause 
of the time intervals during which both outputs are low. 
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FIGURE 3. TWO PWM SIGNALS ARE GENERATED IN THE UC1637. 
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The two nand gates, NA and NB, will be enabled if the 
following two conditions are met: 


A) supply voltage +Vs is greater than +4.15 volts (typ) 
B) the shut-down input line (pin 14) is at least 2.5 
volts (typ) negative with respect to +Vs. 


If these are satisfied, the Aour Output line will be high ifthe CA 
output and Q of SRA are both high. Since SRA is set at each 
positive peak of the oscillator ramp, the output Aour can be 
controlled by CA singly — as long as a current-limit pulse 
from CL does not occur. The operation of the NB gate is 
similar. 


The timing diagrams of Fig. 4 show the sequence of events 
before and after a current limit pulse occurs. Before time t 
the PWM action is smoothly controlled by the ramp compari- 
sons with Va and Ve. The pulse from CL at time t1 resets both 
SRA and SRB; the output lines are now disabled until SRA is 
set (at time te) and SRB is set (at time ts). 
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The current limit comparator CL provides a means to protect. 
both driver and motor from the consequences of very high 
currents. If the current delivered by the driver to the motor is 
made to flow through a low value resistor (for example, see 
Rs in Figure 7) the voltage drop across this resistor will be a 
measure of motor current. This voltage is applied between . 
pins 12 and 13 of the UC1637, with pin 12 positive. A 200mV 
threshold is provided internally (see Figure 1) so that when 
the Rs voltage is equal to 200mV, the output of CA goes high, 
resetting both SRA and SRB and, consequently, terminating 
any active output pulse. This pulse-by-pulse method of cur- 
rent limiting is very fast and provides effective protection, not 
only for the driver components, but also for the motor, where 
the possibility of demagnetization due to excessive current is 
a matter of serious concern. 

Finally, the UC1637 contains also an operational amplifier, 
EA, that can be used to provide gain and phase compensa- 
tion, as will be seen later. | 


INN 
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FIGURE 4. TIMING DIAGRAM SHOWING THE GENERATION OF PWM PULSES AT Aour AND Bout. 
BEFORE TIME t:, THE Q OUTPUTS OF SRA AND SRB ARE BOTH HIGH AND THE OUTPUT PULSES ARE CONTROLLED BY THE RAMP 
INTERSECTIONS WITH Va AND Vs. AT TIME t1, THE CURRENT LIMIT COMPARATOR HAS SENSED EXCESS CURRENT AND THE CL 
OUTPUT HAS GONE HIGH, RESETTING BOTH SRA AND SRB. THIS TERMINATES THE Aour PULSE THAT WAS ACTIVE AT THE TIME. 
Aour CAN RESUME ONLY AFTER SRA IS SET AT tz; Bout CAN RESUME ONLY AFTER SRB IS SET AT ts. 


APPLICATION NOTE 


Figure 5 shows the connections needed to get the ramp 
generator and the two comparators ready to go. There is no 
great difficulty in calculating values for the various resistors, 
which are no more than two simple voltage dividers. Still, 
certain things should be considered before proceeding. 


The input impedance Rin, seen by the control voltage Vc will 
be 


R3 +R Ay 
AS 4 ) 


and this value may be specified or determined in advance. 
Also, it would be economical to have a minimum number of 
different values of resistors. If we make 


Ri = Ra (2) 


we will have four resistors of equal value in the final circuit. 


There is also the question of deciding on the separation Ve 
between the reference voltages +Vr and -Vr. The voltage 
gain of the PWM amplifier will have one of the four char- 
acteristics depicted in Figure 6, depending on your choice 
of reference voltage separation. You can get a linear 
response by making Ve = 0, as in Curve #1, or by mak- 
ing Ve — Va = 2Vtn, as in Curve #3. In Curve #2, there is a 
change in slope due to the contribution, near zero, of both 
Va and Vp to the output changes, which in some systems 
may be undesirable, but which may be of interest due to the 
fact that it results in zero losses at null. 
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FIGURE 5. SETTING UP THE A AND B COMPARATOR INPUTS. 
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Vo 


Ve 


NOTE: Max. Vo is less than Vs due to 
device saturation voltages, Vsar. 


FIGURE 6. PWM VOLTAGE GAIN CHARACTERISTICS OBTAINABLE WITH 
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VARIOUS VALUES OF REFERENCE VOLTAGE SEPARATION, 
OR GAP VOLTAGE 2 Vr. 
. LINEAR GAIN WITH VR = 0 (a = 0). 
. NON-LINEAR GAIN WITH Va GREATER THAN ZERO BUT LESS 
THAN Vrtn (0 < a < 1). 
. LINEAR GAIN WITH Vr = Vtu (a = 1). 
. NON-LINEAR GAIN WITH Va GREATER THAN Vt (a > 1). 
NOTE: THE SLOPE OF LINE 1 1S TWICE THAT OF LINE 3. 


N — 


& © 


At this point, this choice of PWM gain characteristic 
amounts only to the choice of the ratio between Va and Vin: 


_ Va (3) 
a Vin 

The values of Vrw and Vr, as well as R3 and Ra, depend on 
the following: 


+Vs: power supply voltages 
Rin: desired control input resistance 
Vemax: peak value or input voltage Vc. This is the 
input voltage at which the output reaches 
100% duty cycle 
a: ratio of Va to Vn 


These values being known, the designer can proceed to 
calculate the following circuit values: 


2 Rin Vs ( + 1) (4) 
Re = Se 
Vemax + Vs ( + 1) 

Ra = 2 Rin — Ra (5) 





APPLICATION NOTE 


_ VsRa (6) 
VA Ra 
Vin = NR_ (7) 
a 
a: VtH (8) 
Beet Vs — VtH 


and, from Eq. (2), Ri = Rs. | 

Having chosen a frequency fr for the PWM timing circuit, 
you Can now calculate Cr and Rr. A suitable starting value 
for the charging current Is is 0.5mA which gives 


R. = Vs + Vou | (9) 
T0005 | 

C, = 0005 | (10) 
. Aft Vin 


You will probably need to make an adjustment here, so as 
to get a standard value for capacitor Cr, and it is best to 
keep Is in the range from 0.3mA to 0.5mA when you do this. 


It may be desirable, or even necessary in some conditions, 


UC1637 
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to bypass the +Vry and -Vru inputs to ground, and for this, 
ceramic capacitors of O.1yuf should be adequate. 
Remember also that terminal 14, the shut-down line, must 
be held “low” (at least 2.5V below the positive rail) in order 
to enable the drive. With an external switch to ground, or to 
-Vs, and a pull-up resistor to +Vs, this line can be used to 
enable (low), and disable (high), the output. Both Aour and 
Bout will be low when the shut-down line is high. 


The next step is to connect the UC1637 to a suitable power 
amplifier, and the amplifier to the motor. The UC1637 has 
provisions for current limiting, as discussed earlier, and you 
must make arrangements to develop a voltage proportional 
to motor current at the driver side. This can be done by 
adding to an H-bridge a low value resistor in series with rail 
connections. The current limit comparator has a common 
mode range that reaches all the way down to the negative 
rail (on the positive side the limit is 3V below the positive 
rail). A resistor Rs is then added at the bottom of the bridge, 
and its value is selected so as to give.a voltage drop to 
200mV when the desired limit current flows. 


2 (ohms) | (11) 


I Max 


Ss >= 


where Imax is the maximum desired motor current in 
amperes. In a breadboard, a twisted pair of wires should be 
used to make the connection from this resistor to pins 12 
and 13, and an RC filter should be added, as shown in 
Figure 7. 

On a PC board, it is a good idea to keep Rs close to the 
UC1637 to minimize the length of the connecting traces. 
The RC filter should still be used. 






Rs = 0.025 ohm, 3W 


~15V 


FIGURE 7. CIRCUIT DIAGRAM OF PWM VOLTAGE AMPLIFIER WITH GAIN OF 3. 


APPLICATION NOTE 


AN EXAMPLE 


We are ready now to design a current limited, PWM voltage 
amplifier to drive a small DC servomotor. Here are the 
requirements: 


Supply voltages: +15V 

Input: +10V max.; 10K input res. 
PWM frequency: 30KHz 

Motor current limited at 8A 
Minimum power losses at idle 


We have: 

Vs = 15V 
Vemax = 10V 
Rin = 10° ohm 
fr=3 x 10* Hz 
and I MAX = 8A 


and also, from the last requirement, a = 1. 


FROM EQUATIONS 


(4) _ 2x10*x15x2 _ 
jeer rc ee 


Re = 2x 107-15 x 10° = 5K 


(6) \, . 15x5x10° _ 
VaR ant 3.75V 

(7) Vm = 3.75V 

(8) _ Bia OO 02, om 
Re = (2x 15 x 10°) x == = 10K 

(9) _ 15 +375 _ 
Bae Pk 

and of course, Ri = R3 = 15K. 

(10) 0005 2 

ee ee fd 

Tag exsist 


If we settle for Rr = 39K, Ils becomes slightly less than 
0.5mA and if we then pick Cr = 1000pf, the nominal fre- 
quency becomes 32KHz. 


To limit the motor current at 8A, we need, from Eq. 11, 


Rs = = = 0.025 ohm 


The peak power in the resistor will be 


Ps = 8? x 025 = 1.6 watts. 
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Incidentally, the voltage gain of the amplifier can be deter- 
mined from the fact that a 10V change atthe input results in 
a 30V change at the output; therefore, the gain from input to 
motor terminals is 3. The above circuit is shown in Figure 7. 


THE POWER AMPLIFIER 


Where space is tight and motor current is less than five 
amperes, the Unitrode PIC900 offers a perfect solution to 
your power bridge design. This device comes in a DIL-18 
package, requires only 5mA of input drive current, and is 
rated at 5A absolute maximum output current. It contains 
all you need for the output H-bridge — including the circu- 
lating diodes — and with only a few added parts, you are 
ready to go. A circuit diagram showing a velocity feedback 
loop using one UC1637 and one PIC900 appears in the 
UC1637 data sheet. 


For higher currents, you will have to design your own 
amplifier, and for the purposes of this application note, a 
sample design is shown in Figure 8. Referring to that circuit, 
note that with +Vs and —Vs applied, if the inputs are left 
open, the power MOSFETs are all “off”. If Drive A, for 
example, is driven to within 3.6V of either power rail, then 
the corresponding output is switched to that rail. Note that 
since the PNP and NPN junction transistors are by nature 
faster ‘switching “on” than “off”, while the MOSFETs are 
much faster than the junction transistors driving them, this 
connection provides a simple guarantee against cross- 
conduction. Also working toward this goal is the fact that 
the junction transistor can discharge the MOSFET’s input 
capacitance faster than the 1K, 1W resistor can charge it. 
The arrangement shown in Figure 8 results in a transition 
time of about 1.5uS during which both MOSFETs in a given 
leg are off. This amount of time is a very small portion of the 
33uS period toward which we are designing our example. 


The power MOSFET transistors, in TO-220 package, are 
rated at GOV and 12A. The channel “on” resistance is quite 
low, 0.25 ohms at 8A, for the UFN533, resulting in low 
thermal losses. You can easily find other devices with even 
lower Ros values, if needed, but as always, the price you 
pay is that you must pay the price. 

Finally, a word about circulating diodes — conspicuous in 
Figure 8 by their absence. All power MOSFETs have an 
intrinsic rectifier, or body diode, a junction rectifier whose 
Current rating is the same as that of the transistor. With the 
drive format provided by the UC1637, the two bottom 
MOSFETs (N-channel) are “on” during the time when 
motor current circulates, and as a result, the reversed 
diode carries only a small portion of the current; most of it 
flows from source to drain through the channel. In fact, the 
diode fully conducts only during the 1.5uS when both devi- 
ces in one bridge leg are off. You can add fast recovery 
diodes in shunt with the MOSFETs if you find that they are 
essential. The intrinsic MOSFET diode is not particularly 
fast, and as your output current requirements increase, the 
need for fast external diodes will become more and more 
apparent. 
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Ql, Q2 — 2N2905A 
Q3, Q4 — 2N2219A 
12Vz — 1N4742 


Rs = 0.025 
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FIGURE 8. THIS 8A POWER AMPLIFIER IS SUITABLE FOR 30KHz OPERATION. 


THE SERVOMOTOR 


It is convenient to represent the DC servomotor by a simple 
equivalent circuit, and one such circuit is shown in Figure 9. 
Note that by expressing the moment of inertia J and the 
motor constant K in metric units (Nm sec? and Nm/A 
respectively), we avoid the need to include a multiplying 
constant in the expressions for Cm and €o. Also, the motor 
constant K, in metric units, defines both the voltage con- 


Ra La 


e4 eo = Kw 


| | | ee | 
Cu Ko 


FIGURE 9. EQUIVALENT CIRCUIT OF MOTOR, WHERE J IS THE 
TOTAL MOMENT OF INERTIA OF ROTOR PLUS LOAD. 
Ra = armature resistance; ohms. 
La = armature inductance; henrys. 
Cm = equivalent capacitance; farads. 
J = total moment of inertia; Nm sec’. 
K = motor constant; volt sec/rad, or Nm/A. 
w = rotor angular velocity; rad/sec. 


TO CONVERT FROM TO MULTIPLY BY 
0z in sec? Nm sec? 7.06 x 10-3 
volts/KRPM volt sec/rad 9.55 x 10-3 ; 


stant in volt-sec/rad, and the torque constant in Nm/A, as 
one and the same number. 


The ratio J/K* has the dimensions of capacitance, with a 
value runnng to several thousand microfarads. The voltage 
across this capacitor is equal to Kw where w is the angular 
velocity of the rotor in rad/sec. Consequently, this voltage 
is the analog of shaft velocity. 


Our equivalent circuit, then, is a simple series connection of 
Ra, the armature resistance; La, the armature inductance; 
and Cm, the equivalent capacitance, equal to J/K*. It 
should come as no surprise that such a circuit will have a 
natural resonant frequency wy, and a resonant Q as well. 
This is indeed the case, and we have for its transfer 
function, 


CoS) _ 1 (12) 
C18) (S/an)* + S/Qan + 1 
where Wn = ls TS) 
NV Tad 
si lie, La (14) 
and Q Ra j | 
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We can now use these sample results in our sample 
design. Here are some of the data given by a motor 
manufacturer: 


EG & G TORQUE SYSTEMS 
MODEL NO. MT-2605-102CE 
(motor - tach assembly) 


MOTOR: Kr = 4.7 oz in/amp 
Ky = 3.5V/KRPM 
Ra = 0.7 ohms 
Ja = 0.0018 oz in sec? 
Tm = 8.6 ms (mech. time const.) 
Te = 1.6 ms (el. time const.) 
-TACH: Jr = 0.001 oz in sec? 
Ky = 3V/KRPM 
The several motors in this series and size have the same 
- electrical time constant Te, and since we know Ra, 
La = Te Ra = 0.016 x 0.7 
La= 1.12 mH 


The total moment of inertia is 
J = Um + Jr = 0.0018 + 0.001 
J = 0.0028 oz in sec? 


In metric units, 


0.0028 


2 
141612 (NM Sec) 


= 


Putting Kr in metric units, 


a7 
ee 


The equivalent capacitance is 


J _ 141.612 x 0.0028 


Cu= ye = (4.7/2 


= 18,000pf 


For the equivalent circuit, then, the values are 
Ra = 0.7 ohms 
La = 1.12 mH 
Cu = 18,000uf 


The angular velocity will be proportional to the voltage 
€o across Cwm; 


e 
ye SOL 
K 
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Ra = 0.70 La = 1.12mh 


C1 Go = Kw 


er a 
T = 0.857 
| Y [cm = 18,000,f | 


T= tach voltage const. 
motor voltage const. 


FIGURE 10. THE TACH VOLTAGE er IS PROPORTIONAL TO w. 


If the motor has a tachometer attached, we can include it in 
the equivalent circuit by deriving an equivalent tach voltage 
proportional to eo. This is illustrated in Figure 10, where 


Tach. voltage constant 


T= 
Motor voltage constant 


_ 3V/KRPM | 
ie 3.5V/KRPM oa 


From Eq. 13, Wn = 222.7 rad/sec 


From Eq. 14, Q = 0.356 
(Note: Since ¢ = ret the damping factor here is 1.4) 


From Eq. 12 and the above data, we can write the ratio 
of tach voltage to input as 





er(s) _ _857 (15) 
e:(S) ( S (a ee 
222./ 79.3 


THE VELOCITY LOOP 


Our objective is to put together a feedback loop using our 
UC1637, H-bridge, and motor: the controlled variable is w, 
the motor shaft’s angular velocity. For high accuracy, we 
need a high loop gain, so that small velocity errors are 
magnified and corrected. The UC1637 internal ERROR 
amplifier is appropriate for this purpose, and will be used asa 
summing amplifier. But before proceeding, let us take a look 
at Figure 11, where a plot of the motor-tach transfer function 
(Eq. 17) is shown. The plot shows that as the frequency 
increases, the tach output decreases and the phase lag 
increases towards a maximum of 180°. This means that 
although we can introduce plenty of gain at very low frequen- 
cies, where the phase lag is low, the added gain must be 
reduced at the higher frequencies, where the 180° phase 
lag tends to make our loop a regenerative one. If we want the 
closed loop response to be “snappy’’, that is, if we want a 
bandwidth of several tens of hertz, then the loop gain must be 
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ATTENUATION — (dB) 
PHASE ANGLE — (°) 





FREQUENCY — (rad/sec) 


FIGURE 11. PLOT OF MAGNITUDE AND ANGLE OF EQ. 15, WHICH 
DESCRIBES PERFORMANCE OF OUR TEST MOTOR. 


fairly high at all frequencies in the band; yet, for flat response 
and fast step response with no overshoot we must make 
certain that the overall phase shift is less than 180° at any 
frequency at which the gain is greater than unity. 


B(s) 





A(s) _ (1 + sRaCg) [1 + s(Ri + Ra) Ca] 


B(s) sRiCp (1 + sRaCa) 

FIGURE 12. ERROR AMPLIFIER WITH ITS FREQUENCY 
COMPENSATION NETWORK. 
THE MAGNITUDE AND ARGUMENT OF THE TRANSFER 


FUNCTION CAN BE EASILY PLOTTED WITH THE AID OFA 


PROGRAMMABLE CALCULATOR. 


The high gain ERROR amplifier of the UC1637, together with 
a few external components, is shown in Figure 12. Without 
Ra and Ca, the phase response of the circuit would go from 
-90° at low frequencies to 0° at high frequencies. This 
amount of phase correction is inadequate if we want a tight 
loop with good transient response. With Ra and Ca shunting 
Ri, it becomes possible to have a leading phase angle 


50 +30° 6 
oa | 
ne ore 
= 30 ~30 wy 
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FIGURE 13. MAGNITUDE AND ANGLE OF COMPENSATION 
AMPLIFIER OF FIGURE 12. 
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somewhere at midrange, even though the high frequency 
asymptote is still at zero degrees (Ra and Ca introduce both a 
zero and a pole). The transfer function of the circuit shown in 
Figure 12 is plotted in Figure 13 for the following component 


values: 
Ri = 9.1K 
Ra = 1K 
Ca = opt 
Re = 470K 
Ca = .0047u 


The break frequencies are: 


1 1 


= 450 rad/sec 





ReCe = (Ri + Ra) Ca 
ae =o 

RG. 23,400 rad/sec 
| 233 4500 tad ace 

RaCa . 


The plot shown in Figure 14 shows the result of cascading 
the compensation amplifier, PWM amplifier, and motor- 
tach. All gain contributions have been simply added 
together, and all phase contributions have also been 
added. The result, shown in Figure 14, shows the open loop 
frequency response of the complete velocity control 
system. 








100 


FIGURE 14. OVERALL OPEN-LOOP RESPONSE, INCLUDING +8dB DUE 
TO PWM AMPLIFIER GAIN AND MOTOR-TACH DC GAIN. 
The inclusion of the ERROR amplifier with its compensa- 
tion components has had the effect of introducing a large 
amount of gain at the lower frequencies, and also of reduc- 
ing the phase lag at the higher frequencies. The loop gainis 
OdB at about 7KHz, and the phase margin is about 40°. 
Moreover, since the phase never exceeds 180°, we have 
the needed indication of relative stability, and can proceed 
to close the loop as shown in Figure 15 and make measure- 
ments. Note that a noise filter has neen added at the output 
of the tachometer. Such a filter is usually necessary, espe- 
cially in PWM control loops of relatively wide bandwidth, 
because of the inevitable AC coupling between the motor 
signal and the tach output. In our filter, the 3dB cut-off point 
is at 21KHz, which is high enough not to affect the loop 
behavior. 
9-84 


APPLICATION NOTE 


22ut 004 7uf 


470K 


9.1K 


VELOCITY 6 
COMMAND 





U-102 
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FIGURE 15. THE COMPLETE VELOCITY LOOP. 


The oscilloscope trace shown in Figure 16 reveals that the 
step response of our loop is very well behaved. The motor 
shaft reaches full speed in less than 10mS, and there is no 
noticeable overshoot. The net velocity change in Figure 16 
amounts to 133 RPM, and the current trace shows that the 
current does not quite reach the chosen limit of 8A. With 
larger inout steps, the motor accelerates at constant 8A 
current, and the acceleration rate is approximately 
100RPM per millisecond. The 3dB bandwidth of the loop 
measured about 80Hz. 


CONCLUSIONS 


We have discussed in some detail the characteristics of 
Unitrode’s UC1637 and have presented in detail a design 
approach which illustrates those points. The sample design 
was built and tested, with the measured results as presented 
above. These results show that excellent performance can 
be obtained with few components, and that the design tech- 
nique is quite simple. Our velocity loop would perform well as 
an inner loop in a position control system, for example, 
although a different response might perhaps be desirable. 
However that may be, using the UC1637 a sizable portion to 
the job is completed beforehand. 
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Top trace: 5A/cm 
Bottom trace: 100mV/cm 


Horizontal: 5 msec/cm 





FIGURE 16. STEP RESPONSE OF THE VELOCITY CONTROL LOOP OF 
FIGURE 15. THE UPPER TRACE SHOWS THE MOTOR 
CURRENT; THE LOWER TRACE SHOWS THE TACH 
OUTPUT VOLTAGE, I.E., MOTOR VELOCITY. 


See Figure 17. 
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IMPROVED CHARGING METHODS FOR 
LEAD-ACID BATTERIES USING THE UC3906 


ABSTRACT 


This paper describes the operation and application of the 
UC3906 Sealed Lead-Acid Battery Charger. This IC pro- 
vides reductions in the cost and design effort of implement- 
ing optimal charge and hold cycles for lead-acid batteries. 
Described are the design and operation of several charg- 
Ing circuits using this IC. The charger designs use current 
and voltage sensing combined with sequenced current 
and voltage control to maximize battery capacity and life 
for various applications. The presented material provides 
insight into expected improvements in battery perfor- 
mance with respect to these specific charging methods. 
Also presented are uses of the many auxiliary functions 
included on this part. The unique combination of features 
on this control IC has made it practical to create charge 
and hold cycles that truly get the most out of a battery. 


AN iC FOR CHARGING 
LEAD-ACID BATTERIES 


Battery technology has come a long way in recent years. 
Driven by the reduction of size and power requirements of 
processing functions, batteries now are used to provide 
portability and failsafe protection to a new generation of 
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electronic systems. Although a number of battery technol- 
ogies have evolved, the lead-acid cell remains the work- 
horse of the industry due to its combination of prolonged 
standby and cycle life with a high energy storage capacity. 
The makers of uninterruptible power supplies, portable 
equipment, and any system that requires failsafe protec- 
tion are taking advantage of the improvements in this tech- 
nology to provide secondary power sources to their prod- 
ucts, for example, the sealed cell, using a trapped or gelled 
electrolyte, has eliminated the positional sensitivity and 
greatly reduced the dehydration problem. 


The charging methods used to replenish or maintain the 
charge on a lead-acid battery have a significant effect on 
the performance of the cells. Building an optimum charger, 
one that gets the most out of a battery, is not a trivial task. 
Making sure that a battery undergoes the proper charge 
and hold cycle requires precision sensing and control of 
both voltage and current, logic to sequence the charger 
through its cycle, and temperature corrections — added to 
the charger’s control and sensing circuits — to allow 
proper charging at any temperature. In the past this has 
required a significant number of components, and a sub- 
stantial design effort as well. The UC3906 Sealed Lead- 
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FIGURE 1. The UC3906 Seated Lead-Acid Battery Charger combines precision voltage and current sensing with vol- 
tage and current control to realize optimum battery charge cycles. Internal charge state logic sequences the device 
through charging cycles. Voltage control and sensing is referenced to an internal voltage that specially tracks the 
temperature characteristics of lead-acid cells. 
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APPLICATION NOTE 


Acid Battery Charger has all the control and sensing func- 


tions necessary to optimize cell capacity and life in a wide - 


range of battery applications. 


The block diagram for the UC3906 i is shown in figure 1. 

Separate voltage loop and current limit amplifiers regulate 
the output voltage and current levels in the charger by con- 
trolling the onboard driver. The driver will supply 25mA of 
base. drive to an external pass element. Voltage and cur- 
rent sense comparators are used to sense the battery con- 
dition and respond with logic inputs to the charge state 
logic. The charge enable comparator on this IC can be 
used to remotely disable the charger. The comparator’s 
25mA trickle bias output is active high when the driver is 
disabled. These features can be combined to implement 
a low current turn-on mode in a charger, preventing high 
current charging during abnormal conditions such as a 
shorted or reversed battery. 


A very important feature of the UC3906 is its precision 
reference. The reference voltage is specially temperature 
compensated to track the temperature characteristics of 
lead-acid cells. The IC operates with very low supply cur- 
rent, only 1.7mA, minimizing on-chip dissipation and per- 
mitting the accurate sensing of the operating environmen- 
tal temperature. In addition, the IC includes a supply 
under-voltage sensing circuit, used to initialize charging 
cycles at power on. This circuit also drives a logic output to 
indicate when input power is present. The UC3906 is spec- 
ified for operation over the commercial temperature range 
of O°C to 70°C. For operation over extended temperatures, 
-40°C to 70°C the UC2906 is available. 


WHAT IS IMPORTANT IN A CHARGER? 


Capacity and life are critical battery parameters that are 
strongly affected by charging methods. Capacity, C, refers 
to the number of ampere-hours that a charged battery is 
rated to supply at a given discharge rate. A battery’s rated 
capacity is generally used as the unit for expressing 
charge and discharge current rates, i.e., a 2.5 amp-hour 
battery charging at 500mA is said to be charging at a C/5 
rate. Battery life performance is measured in one of two 
ways; cycle life or stand-by life. Cycle life refers to the num- 
ber of charge and discharge cycles that a battery can go 
through before its capacity is reduced to some threshold 
level. Standby life, or float life, is simply a measure of how 
long the battery can be maintained in a fully charged state 
and be able to provide proper service when called upon. 
The measure which actually indicates useful life expec- 
tancy in a given application will depend on the particulars 
of the application. In general, both aspect of battery life 
will be important. 
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During the charge cycle of atypical lead-acid cell, lead sul- 
fate, PoSOs,, is converted to lead on the battery’s negative 
plate and lead dioxide on the battery's positive plate. Once 
the majority of the lead sulfate has been converted, over- 
charge reactions begin. The typical result of over-charge is 
the generation of hydrogen and oxygen gas. In unsealed 
batteries this results in the immediate loss of water. In 
sealed cells, at moderate charge rates, the majority of the 
hydrogen and oxygen recombine -before dehydration 
occurs. In either type of cell, prolonged charging rates sig- 
nificantly above C/500, will result in dehydration, accel- 
erated grid corrosion, and reduced service life. 


The onset of the over-charge reaction will depend on the 
rate of charge. At charge rates of >C/5, less than 80% of 
the cell's previously discharged capacity will be returned 
as the over-charge reaction begins. For over-charge to 
coincide with 100% return of capacity, charge rates must 
typically be reduced to less than C/100. Also, to accept 
higher rates the battery voltage must be allowed to 
increase as over-charge is approached. Figure 2 illustrates 
this phenomenon, showing Cell voltage vs. percent return 
of previously discharged capacity for a variety of charge 
rates. The over-charge reaction begins at the point where 
the cell voltage rises sharply, and becomes excessive 
when the curves level out and start down again. 
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PERCENT OF PREVIOUS DISCHARGE 
CAPACITY RETURNED 


VOLTAGE CURVES FOR CELLS 
CHARGED AT VARIOUS CONSTANT 
(CURRENT) RATES AT ROOM 
TEMPERATURE 


FIGURE 2. Depending on the charge rate, over-charge reactions begin, (indi- 
cated by the sharp rise in battery voltage), well below 100% return of capacity. 
(Reprinted with the permission of Gates Energy Products, Inc.) 
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APPLICATION NOTE 


Once a battery is fully charged, the best way to maintain 
the charge isto apply a constant voltage to the battery. This 
burdens the charging circuit with supplying the correct 
float charge level; large enough to compensate for self-dis- 
charge, and not too large to result in battery degradation 
from excessive overcharging. With the proper float charge, 
sealed lead-acid batteries are expected to give standby 
service for 6 to 10 years. Errors of just five percent in a float 
charger’s characteristics can halve this expected life. 


To compound the above concerns, the voltage character- 
istics of a lead-acid cell have a pronounced negative 
temperature dependence, approximately -4.0mV/°C per 
2V cell. In other words, a charger that works perfectly at 
25°C may not maintain or provide a full charge at O°C and 
conversely may drastically over-charge a battery at 
+50°C. To function properly at temperature extremes a 
charger must have some form of compensation to track the 
battery iemperature coefficient. 


To provide reasonable re-charge times with a full 100% 
return of capacity, a charge cycle must adapt to the state 
of charge and the temperature of the battery. In sealed, or 
recombinate, cells, following a high current charge to 
return the bulk of the expended capacity, a controlled over- 
charge should take place. For unsealed cells the over- 
charge reaction must be minimized. After the over-charge, 
or at the onset of over-charge, the charger should convert 
to a precise float condition. 


A DUAL LEVEL FLOAT CHARGER 


A state diagram for a sealed lead-acid battery charger that 
would meet the above requirements is shown in figure 3. 


STATE 3 A 


CHARGER OUTPUT VOLTAGE 


STATE 1: BULK CHARGE 
STATE 2: OVER CHARGE 
STATE 3: FLOAT CHARGE 





CHARGER OUTPUT CURRENT 


FIGURE 3. The dual level float charger has three charge states. A constant 
current bulk charge returns 70-90% of capacity to the battery with the remaining 
Capacity returned during an elevated (constant) voltage over-charge. The float 
charge state maintains a precision voltage across the battery to optimize 
stand-by life. 
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This charger, called a dual level float charger, has three 
states, a high current bulk charge state, an over-charge 
state, and a float state. A charge cycle begins with the 
charger in the bulk charge state. In this state the charger 
acts like a current source providing a constant charge rate 
at Imax. The charger monitors the battery voltage and as it 
reaches a transition threshold, V2, the charger begins its 
over-charge cycle. During the over-charge, the charger 
regulates the battery at an elevated voltage, Voc, until the 
charge rate drops to a specified transition current, locr. 
When the current tapers to loct, with the battery at the ele- 
vated level, the capacity of the cell should be at nearly 
100%. At this point the charger turns into a voltage regu- 
lator with a precisely defined output voltage, Vr. The out- 
put voltage of the charger in this third state sets the float 
level for the battery. 


With the UC3906, this charge and hold cycle can be imple- 
mented with a minimum of external parts and design effort. 
A complete charger is shown in figure 4. Also shown are 
the design equations to be used to calculate the element 
values for a specific application. All of the programming of 
the voltage and current levels of the charger are deter- 
mined by the appropriate selection the external resistors 
Rs, Ra, Re, Re. 


Operation of this charger is best understood by tracing a 
charge cycle. The bulk charge state, the beginning, is initi- 
ated by either of two conditions. One is the cycling on of the 
input supply to the charger; the other is a low voltage con- 
dition on the battery that occurs while the charger is in the 
float state. The under-voltage sensing circuit on the 
UC3906 measures the input supply to the IC. When the 
input supply drops below about 4.5V the sensing circuit 
forces the two state logic latches (see figure 1) into the bulk 
charge condition (L1 reset and L2 set). This circuit also dis- 
ables the driver output during the under-voltage condition. 
To enter the bulk charge state while power is on, the 
charger must first be in the float state (both latches set). The 
input to the charge state logic coming from the voltage 
sense comparator reports on the battery voltage. If the bat- 
tery voltage goes low this input will reset L1 and the bulk 
charge state will be initiated. 


With L1 reset, the state level output is always active low. 
While this pin is low the divider resistor, Rp is shunted by 
resistor Rc, raising the regulating level of the voltage loop. 
If we assume that the battery is in need of charge, the vol- 
tage amplifier will be in its stops trying to turn on the driver 
to force the battery voltage up. In this condition the voltage 
amplifier output will be over-ridden by the current limit 
amplifier The current limit amplifier will control the driver, 
regulating the output current to a constant level. During this 





APPLICATION NOTE 


time the voltage at the internal, non-inverting, input to the 
voltage sense comparator is equal to 0.95 times the internal 
reference voltage. As the battery is charged its voltage will 
rise; when the scaled battery voltage at PIN 13, the invert- 
ing input to the sense comparator, reaches 0.95Vref the 
sense comparator output will go low. This will reset the sec- 
ond latch and the over-charge state will be entered. At this 
time the over-charge indicator output will go low. Other 
than this there is no externally observable change in the 
charger. Internally, the starting of the over-charge state 
arms the set input of the first latch — assuming no reset sig- 
nal is present — so that when the over-charge terminate 
input goes high, the charger can enter the float state. 


Inthe over-charge state, the charger will continue to supply 
the maximum current. As the battery voltage reaches the 
elevated regulating level, Voc, the voltage amplifier will 
take command of the driver, regulating the output voltage 
at a constant level. The voltage at PIN 13 will now be equal 
to the internal reference voltage. The battery is completing 
its charge cycle and the charge acceptance will start to 
taper off. 


As configured in figure 4, the current sense comparator 
continuously monitors the charge rate by sensing the vol- 
tage across Rs. The output of the comparator is con- 
- nected to the over-charge terminate input. Whenever the 
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charge current is less than loct, (25mV/Rs), the open col- 
lector output of the comparator will be off. When this transi- 
tion current is reached, as the charge rate tapers in the 
over-charge state, the off condition of the comparator out- 
put will allow an internal 10nA pull-up current at PIN 8 to pull 
that point high. A capacitor can be added from ground to 
this point to provide a delay to the over-charge-terminate 
function, preventing the charger from prematurely enter- 
ing the float state if the charging current temporarily drops 
due to system noise or whatever. When the voltage at PIN 
8 reaches its 1V threshold, latch L1 will be set, setting L2 as 
well, and the charger will be in the float state. At this point 
the state level output will be off, effectively eliminating Rc 
from the divider and lowering the regulating level of the vol- 
tage loop to Vr. 


In the float state the charger will maintain Ve across the 
battery, supplying currents of zero to Imax as required. In 
addition, the setting of L1 switches the voltage sense com- 
parator’s reference level from 0.95 to 0.90 times the internal 
reference. Ifthe battery is now discharged to a voltage level 
10% below the float level, the sense comparator output will 
reset L1 and the charge cycle will begin anew. 


The float voltage Vr, as well as Voc and the transition vol- 
tages, are proportional to the internal reference on the 
UC3906. This reference has a temperature coefficient of 


+ 
BATTERY 


[fo | 


Ra Ra 
V = V 1 pa ER eae 
Oc REF (1 + Ra Ro ) 


— 
~~ 


2. 


~~ 


R 
VF = VreF (1 + =) 
Rp 


3.) Vie = 95Voc 


~~ 


4.) V31 = OVE 


— 


.25V 
5.) IMAX = = 
Rs 


_ 025V 


6.) loct Re 


FIGURE 4. Using a few external parts and following simple design equations the UC3906 can be configured as a dual level float charger. 
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-3.9mV/°C. This temperature dependence matches the - 
recommended compensation of most battery manufac- 
turers. The importance of the control of the charger’s vol- 
tage levels is reflected in the tight specification of the toler- 
ance of the UC3906’s reference and its change with temp- 
erature, as shown in figure 5. 
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FIGURE 5. The specially temperature compensated reference on the UC3906 
is tightly specified over 0 to 70°C, (-40 to 70°C for the UC2906), to allow proper 
charge and hold characteristics at all temperatures. 


Imax, loct, Voc, and Vr can all be set independently. Imax, 
the bulk charge rate can usually be set as high as the avail- 
able power source will allow, or the pass device can han- 
dle. Battery manufacturers recommend charge rates in the 
C/20 to C/3 range, although some claim rates up to and 
beyond 2C are OK if protection against excessive over- 
charging is included. loct, the over-charge terminate 
threshold, should be chosen to correspond, as close as 
possible, to 100% recharge. The proper value will depend 
on the over-charge voltage (Voc) used and on the cell's 
charge current tapering characteristics at Voc. 


Imax and loct are determined by the offset voltages built 
into the current limit amplifier and current sense compara- 
tor respectively, and the resistor(s) used to sense current. 
The offsets have a fixed ratio of 250mV/25mvV. If ratios other 
than ten are necessary separate current sensing resistors 
or acurrent sense network, must be used. The penalty one 
pays in doing this is increased input-to-output differential 
requirements on the charger during high current charg- 
ing. Examples of this are shown in figure 6. 
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An alternative method for controlling the over-charge state 
is to use the over-charge indicate output, PIN 9, to initiate 
an external timer. At the onset of the over-charge cycle the 
over-charge indicate pin will go low. A timer triggered by 
this signal could then activate the over-charge terminate 
input, PIN 8, after a timed over-charge has taken place. 
This method is particularly attractive in systems with a cen- 
tralized system controller where the controller can provide 
the timing function and automatically be aware of the state 
of charge of the battery. 


The float, Ve, and over-charge, Voc, voltages are set by 


_ the internal reference and the external resistor network, 


Ra, Rp, and Rc as shown in figure 4. For the dual level float 
charger the ranges at 25°C for Ve and Voc are typically 
2.3V-2.40V and 2.4V-2.7V, respectively. The float charge 
level will normally be specified very precisely by the battery 
manufacturer, little variation exists among most battery 
suppliers. The over-charge level, Voc, is not as critical and 
will vary as a function of the charge rate used. The absolute 
value of the divider resistors can be made large, a divider 
current of 50ynA will sacrifice less than 0.5% in accuracy 
due to input bias current offsets. 


AUXILIARY CAPABILITIES 

OF THE CHARGER IC 

Besides simply charging batteries, the UC3906 can be 
used to add many related auxiliary functions to the charger 
that would otherwise have to be added discretely. The 
enable comparator and its trickle bias output can be used 
in anumber of different ways. The modification of the state 
diagram in figure 2 to establish a low current turn-on mode 
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FIGURE 6. Although the ratio of input offset voltages on the current limit and 
current sense stages is fixed at 10, other ratios for Imax/locr are easily obtained. 
Note that a penalty for ratios greater than 10 is increased voltage drop across 
the sensing network at Imax. 


9-91 





APPLICATION NOTE 


of the charger (see figure 7) is easily done. By reducing the 
output current of the charger when the battery voltage is 
below a programmable threshold, the charging system 
protects against: One, high current charging of a string 
with ashorted cell that could result in excessive outgassing 
from the remaining cells inthe string. Two, dumping charge 
into a battery that has been hooked up backwards. Three, 
excessive power dissipation in the charger’s pass element. 
As shown in figure 7, the enable comparator input taps off 
the battery sensing divider. When the battery voltage is 
below the resulting threshold, Vr, the driver on the 
UC3906 is disabled and the trickle bias output goes high. 
A resistor, Rt, connected to the battery from this output 
can then be used to set a trickle current, (<= 25mA) to the 
battery to help the charger discriminate between severely 
discharged cells and damaged, or improperly connected, 
cells. 


In applications where the charger is integral to the system, 
l.e. always connected to the battery, and the load currents 
on the battery are very small, it may be necessary to abso- 
lutely minimize the load on the battery presented by the 
charger when input power is removed. There are two sim- 
ple precautions that, when taken, will remove essentially all 
reverse current into the charging circuit. In figure 8 the 


diode in series with the pass element will prevent any — 


reverse current through this path. The sense divider 
should still be referenced directly to the battery to maintain 
accurate control of voltage. To eliminate this discharge 
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path, the divider in the figure is referenced to the open col- 
lector power indicate output, PIN 7, instead of ground. 
Connected in this manner the divider string will be in series 
with essentially an open when input power is removed. 
When power is present, the open collector device will be 
on, holding the divider string end at nearly ground. The 
saturation voltage of the open collector output is specified 
to be less than 50mV with a load current of 50pA. 


Figure 9 illustrates the use of the enable comparator and 
its output to build over-discharge protection into a charger. 
Over-discharging a lead-acid cell, like over-charging, can 
severely shorten the service life of the cell. The circuit moni- 
tors the discharging of the battery and disconnects all load 
from the battery when its voltage reaches a specified cutoff 
point. The load will remain disconnected from the battery 
until input power is returned and the battery recharged. 


This scheme uses a relay between the battery and its load 
that is controlled by Q1 and the presence of voltage across 
the load. When primary power is available Q1 is on via D5. 
The battery is charging, or charged, and the trickle bias 
output at PIN 11 is off. When input power is removed, C2 
provides enough hold-up time at the load to let Q1 turn off, 
and the relay to close as current flows through R1. The bat- 
tery is now providing power.to the load and, through D1, 
power to the charger. The charger current draw will typi- 
cally be less than 2mA. As the battery discharges, the 
UC3906 will continue to monitor its voltage. When the vol- 
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FIGURE 7. The charge enable comparator, with its trickle bias output, can be used to build protection into the charger. The current foldback at low battery voltages 
prevents high current charging of batteries with shorted cells, or improperly connected batteries, and also protects the pass element from excessive power dissipation. 
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tage reaches the cut-off level, set by the divider network, 
R5-R8, the trickle bias output, PIN 11, will go high. Q1 will 
turn back on and the relay current will collapse opening its 
contacts. As the load voltage drops, capacitor C1 supplies 
power to the UC3906 to keep Q1 on. Once the input to the 
charger has collapsed the power indicate pin, as shown in 
figure 8, will open the divider string. The battery will remain 
open-circuited until input power is returned. At that time the 
battery will begin to recharge. 
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FIGURE 8. By using a diode in series with the pass element, and referencing 
the divider string to the power indicate pin, pin 7, reverse current into the 
charger, (when the charger is tied to the battery with no input power), can 

be eliminated. 
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CHARGING LARGE SERIES 
STRINGS OF LEAD-ACID CELLS 


When large series strings of batteries are to be charged, a 
dual step current charger has certain advantages over the 
float charger of figures 3 and 4. A state diagram and circuit 
implementation of this type of charger is shown in figure 10. 
The voltage across a large series string is not as predict- 
able as a common 3 or 6 cell string. In standby service 
varying self discharge rates can significantly alter the state 
of charge of individual cells in the string if a constant float 
voltage is used. The elevated voltage, low current holding 
state of the dual step current charger maintains full and 
equal charge on the cells. The holding, or trickle current, 
lH, will typically be on the order of 0.005C to 0.0005C. 


To give adequate and accurate recharge this charger has 
a buik charge state with temperature compensated transi- 
tion thresholds, Vi2, and V2;. Instead of entering an ele- 
vated voltage over-charge, upon reaching V1.2 the charger 
switches to a constant current holding state. The holding 
current will maintain the battery voltage at a slightly ele- 
vated level but not high enough to cause significant over- 
charging. If the battery current increases, the charger will 
attempt to hold the battery at the Vr level as shown in the 
state diagram. This may happen if the battery temperature 
increases significantly, increasing the self-discharge rate 
beyond the holding current. Also, immediately following 
the transition from the bulk to float states, the battery will 
only be 80% to 90% charged and the battery voltage will 
drop to the Vr level for some period of time until full charg- 
ing is achieved. 


In this charger the current sense comparator is used to reg- 
ulate the holding current. The level of holding current is 
determined by the sensing resistor, RsH. The other series 


LOAD'S 


: LOAD 
Ce 
R3 


Rg 


LOAD SWITCH 
RELAY 


FIGURE 9. Using the enable comparator to monitor the battery voltage a precise discharge cut-off voltage can be set. 
When the battery reaches the cut-off threshold the trickle bial output switches off the load switch relay and the battery is 


left open circuited until input power is returned. 





APPLICATION NOTE 


resistor, Re, is necessary for the current sense comparator 
to regulate the holding current. Its value is selected by 
dividing the value of Iq into the minimum input to output 
differential that is expected between the battery and the 
input supply. If the supply variation is very large, or the 
holding current large, (>25mA), then an external buffering 
element may be required at the output of the current sense 
comparator _ | 


The operating supply voltage into the UC3906 should be 
kept less than 45V. However, the IC can be adapted to 
charge a battery string of greater than 45V. To charge a 
large series string of cells with the dual step current 
charger the ground pin on the UC3906 can be referenced 
to a tap point on the battery string as shown in figure 11. 
Since the charger is regulating current into the batteries, 
the cells will all receive equal charge. The only offset results 
from the bias current of the UC3906 and the divider string 
current adding to the current charging the battery cells 
below the tap point. Rs can be added to subtract the bulk 
of this current improving the ability of the charger to control 
the low level currents. The voltage trip points using this 
technique will be based on the sum of the cell voltages on 
the high side of the tap. 
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PICKING A PASS ELEMENT AND 
COMPENSATING THE CHARGER 


There are four factors to consider when choosing a pass 
device. These are: | 


1. The pass device must have sufficient current and power 
handling capability to accommodate the desired maxi- 
mum charging rate at the maximum input to output 
differential. 


2. The device must have a high enough current gain at the 
maximum.charge rate to keep the drive current required 
to less than 25mA. 


3. The type of device used, (PNP. NPN, or FET), and its 
configuration, may be dictated by the minimum input to 
output differential at which the charger must operate. 


4. The open loop gain of both the voltage and the current 
control loops are dependent on the pass element and its 
configuration. 


Figure 12 contains a number of possible driver configura- 
tions with some rough break points on applicable current 
ranges as well as the resulting minimum input to output dif- 
ferentials. Also included in this figure are equations for the 
dissipation that results on the UC3906 die, equations for a 
resistor, Rp, that can be added to minimize this dissipa- 
tion, and expressions for the open loop gains of both the 
voltage and current loops. 


IMAX + IH 
+ 
BATTERY 


: 


Vie 


——Vr 


— Vai 


CHARGER OUTPUT VOLTAGE 


STATE 1: BULK CHARGE 
STATE 2: HOLDING CHARGE 





CHARGER OUTPUT CURRENT 
R R 
1.) Vi2 = .95 VRrer (1 + pls. Naar as 4.) IMAX = 25V. 
Rc Rp Rsmu 
2.)Vp = Vrer(1 +A) 5.)ly = —028¥ 
Re Rsy 
3.)V21 = OVE 


FIGURE 10. A dual step current charger has some advantages when large series strings must be charged. This type of charger maintains constant current during 


normal charging that results in equal charge distribution among battery cells. 
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APPLICATION NOTE 


As reflected in the gain expressions in figure 12, the open 
loop voltage gains of both the voltage and current control 
loops are dependent on the impedance, Zc at the com- 
pensation pin. Both loops can be stabilized by adjusting 
the value of this impedance. Using the expressions given, 
one can go through a detailed analysis of the loops to pre- 
dict respective gain and phase margins. In doing so one 
must not forget to account for all the poles in the open loop 
expressions. In the common emitter driver examples, 1 
and 3, the equivalent load impedance at the output of the 
charger directly affects loop characteristics. In addition, a 
pole, or poles, will be added to the loop response due to 
the roll-off of the pass device's current gain, Beta. This 
effect will occur at approximately the rated unity gain fre- 
quency of the device divided by its low frequency current 
gain. The transconductance terms for the voltage and cur- 
rent limit amplifiers, (14.3K and 1/300 respectively), will 
Start to roll off at about SOOKHZ. As arule of thumb, itis wise 
to kill the loop gain well below the point that any of these, 
not-so-predictable poles, enter the picture. 


if you prefer not to go through a BODE analysis of the loops 
to pick a compensation value, and you recognize the fact 
that battery chargers do not require anything close to opti- 
mum dynamic response, then loop stability can be as- 
sured by simply oversizing the value of the capacitor used 
at the compensation pin. In some cases it may be neces- 
sary to add a resistor in series with the Compensation 
capacitor to put a zero in the response. Typical values for 
the compensation capacitor will range from 1000pF to 
0.22uF depending on the pass device and its configura- 
tion. With composite common emitter configurations, such 
as example 3 in figure 12, compensation values closer to 
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FIGURE 11. A dual step current charger can be configured to operate with 
input supplies of greater than 45V by using a tap on the battery to reference 
the UC3906. The charger uses the voltage across the upper portion of the 
battery to sense charging transition points. To minimize charging current 
offsets, Rg can be added to cancel the UC3906 bias and divider currents. 


the 0.22uF value will be required to roll off the large open 
loop gain that results from the Beta squared term in the 
gain expression. Series resistance should be less than 1K, 
and may range as low as 100 ohms and still be effective. 


The power dissipated by the UC3906 requires attention 
since the thermal resistance, (100°C/Watt) of the DIP 
package can result in significant differences in tempera- 
ture between the UC3906 die and the surrounding air, 
(battery), temperature. Different driver/pass element con- 
figurations result in varying amounts of dissipation at the 
UC3906. The dissipation can be reduced by adding exter- 
nal dropping resistors in series with the UC3906 driver, 


COMMON EMITTER PNP COMPOSITE FOLLOWER COMPOSITE COMMON EMITTER NPN EMITTER FOLLOWER 
+ AV = + AV = 


TOPOLOGY UC3906 DRIVER UC3906 DRIVER . UC3906 DRIVER UC3906 DRIVER 


CURRENT 
25mA <I <1000mA 25mA <I <1000mA 600mA <I <15A 25mA <I <1000mA 
AV >0.5V 


AV >2.7V 
~ VIN= 0.7V - VouT , ‘is 2 I?Rp 
Bai BQ1 
Vin MIN — VouT MAX — 1.2V 
Imax 


AV >2.0V AV >1.2V 


I? Rp 
B2a1 B2Q2 


a 0. wv 
Q1 


SOT MK 20V * Bai MIN 
~~ TMaX 


i Rp 
~ Bay 


~ Vin=0.7V ~ Vout , _I2Rp 

Bat Bat 

Vin MIN — VOUT MAX ~ 1.2V 
Tax 


Vin- 0.7V 
Bai Ba2 
VIN MIN — 0.7V 

Imax 


Pp = e[- Pp 


_memmae_| DRIVER 
DISSIPATION 
EXPRESSION 

FOR Rp 


OPEN LOOP* 


Rp = * BQ1 MIN Rp = * BQ1 MIN BQ2 MIN Rp = * BQ1 MIN 


Zc a 1 
13K Rp + 12 


VREF 
Vout 


VREF _2¢ « VREF 


Vout ~"13K Vout 
e e eR 
i oo Ze Bar ° Baz ° As ~ om een re a 
"Zo = IMPEDANCE AT COMPENSATION PIN, PIN 14, = IMPEDANCE AT CHARGER OUTPUT. 


FIGURE 12. There are a large number of possibie driver/oass element configurations, a few are summarized here. The trade-offs are between current gain, input to output 
differential, and in some cases, power dissipation on the UC3906. When dissipation is a problem it can be reduced by adding a resistor in series with the UC3906 driver. 
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APPLICATION NOTE 


(see figure 12). These resistors will then share the power 
with the die. The charger parameters most affected by in- 
creased driver dissipation are the transition thresholds, 
(Vi2 and Vo), since the charger is, by design, supplying its 
maximum current at these points. The current levels will not 
be affected since the input offset voltages on the current 
amplifier and sense comparator have very little tempera- 
ture dependence. Also, the stand-by float level on the 
charger will still track ambient temperature accurately 
since, normally, very little current is required of the charger 
during this condition. 


To estimate the effects of dissipation on the charger’s vol- 
tage levels, calculate the power dissipated by the IC at any 
given point, multiply this value by the thermal resistance of 
the package, and then multiply this product by -3.9mV/°C 
and the proper external divider ratio. In most cases, the 
effect can be ignored, while in others the charger design 
must be tweaked to account for die dissipation by adjust- 
ing charger parameters at critical points of the charge 
cycle. 


SOME RESULTS WITH THE 
DUAL LEVEL FLOAT CHARGER 


In figure 13 the schematic is shown for a dual level, float 
charger designed for use with a 6V, 2.5amp-hour, sealed 
lead-acid battery. The specifications, at 25°C, for this 
charger are listed below. | 


0.52 TIP 32B 


U-104 
Input supply voltage ............ 9.0V to 13V 
Operating temperature range... . .0°C to 70°C 
Start-up trickle current (IT) ........ 10mA (Vin = 10V) 
_ Start-up voltage (V1) ............ 5.1V . 

Bulk charge rate (Imax) .......... 500mA (C/5) 
Bulk to OC transition voltage (Vi2) . . 7.125V 
OC voltage (Voc) ....... tee 75V 
OC terminate current (loct) ....... 50mA (C/50) 
Float voltage (VF) ........... ...70OV 
Float to Bulk transition | , 

voltage (V3i1) .......... ,. ee. 63V 
Temperature coefficient on 

voltage levels ........ Renee ay —12mV/°C 


Reverse current at charger output 
with the input supply at 00V ....=<5pA 


In order to achieve the low input to output differential, 
(1.5V), the charger was designed with a PNP pass device 
that can operate in its saturation region under low input 
supply conditions. The series diode, required to meet the 
reverse current specification, accounts for 1.0V of the 1.5V 
minimum differential. Keeping the reverse current under 
5yA also requires the divider string to be disconnected 
when input power is removed. This is accomplished, as 
discussed earlier, by using the input power indicate pin to 
reference the divider string. | 
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FIGURE 13. This dual level float charger was designed for a 6V (three 2V cells) 2.5AH battery. A separate “fully 
charged” indicator was added for visual indication of charge completion. 
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FIGURE 14. The nearly ideal characteristics of the dual level float charger are 


illustrated in these curves. The over-charge state is entered at about 80% return 
of capacity and float charging begins at just over 100% return. 
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FIGURE 15. At elevated temperatures the maximum capacity of lead-acid 
cells is increased allowing greater charge acceptance. To prevent excessive 
over-charging though, the charging voltage levels are reduced. 
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FIGURE 16. At lower temperatures the capacity of lead-acid cells is reduced as 
reflected by the less-than-100% return of capacity in this O°C charge cycle, illus- 
trating the need for elevated charging voltages to maximize returned capacity. 
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The driver on the UC3906 shunts the drive current from the 
pass device to ground. The 470ohm resistor added 
between PIN 15 and ground keeps the die dissipation to 
less than 100mW under worst case conditions, assuming 
a minimum forward current gain in the pass element of 35 
at 500mA. 


The charger in figure 13 includes a circuit to detect full 
charge and gives a visual indication of charge completion 
with an LED. This circuit turns on the LED when the battery 
enters the float state. Entering of the float state is detected 
by sensing when the state level output turns-off. 


Figures 14-16 are plots of charge cycles of the circuit at 
three temperatures, 25°C, 50°C and 0°C. The plots show 
battery voltage, charge rate, and percent return of pre- 
viously discharged capacity. This last parameter is the inte- 
gral of the charge current over the time of the charge cycle, 
divided by the total charge volume removed since the last 
full charge. For all of these curves the previous discharge 
was an 80% discharge, (2amp-hours), at a C/10, (250mA), 
rate. The discharges were preceded by an over-night 
charge at 25°C. © | 


The less than 100% return of capacity evident in the 
charge cycle at 0°C is the result of the battery’s reduced 
capacity at this temperature. The tapering of the charge 
current in the over-charge state still indicates that the cells 
are being returned to a full state of charge. 
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UC3620 


BRUSHLESS Dc MOTORS GET A CONTROLLER Ic 
THAT REPLACES COMPLEX CIRCUITS | 


A COMMUTATOR AND DRIVER CHIP, COMPLETE WITH 
THERMAL AND UNDER-VOLTAGE PROTECTION AND 
TRANSIENT SUPPRESSION, RADICALLY SIMPLIFIES 
THE CONTROL OF BRUSHLESS DC MOTORS 


INTRODUCTION 


The popularity of the three-phase, brushless DC motor is 
on the rise for a number of good reasons: There are no 
brushes to wear out or to arc over, heat dissipation is better 
because the windings are on the stator, and good torque 
control is both possible and relatively easy to achieve with 
the availability of electronic circuits. The motor’s main 
drawback has been the need to design and assemble a 
complex circuit consisting of six output power transistors 
with transient suppression diodes, a switching current con- 
trol circuit, and a Hall logic decoder, plus loop control and 
protection circuitry. | 


The advent of the UC3620 controller chip greatly simplifies 
the designer’s problem, for it integrates all these elements. 
This chip easily and safely controls motors requiring up to 
2A of continuous current, and has a peak rating of 3A. The 
device has a maximum Vcc rating of 40V and is available in 
a 15-pin package rated at 25W. Only a half dozen external 
components are needed to get a motor running. 


A three-phase brushless DC motor has two, four, or more 
permanent magnet poles mounted on its rotor. The 
required rotating field is produced by the stator’s stationary 
windings, whose three phases must be commutated in the 
proper sequence. This sequence is governed by the rotor’s 
angular position, and consequently, some means must be 
provided both to sense this position and to use that informa- 
tion to control the commutation sequence. 


The sensing is accomplished by three Hall-effect devices 
mounted on the stator close to the rotor magnets, at the 
correct rotational angles. An electronic circuit decodes the 
Hall device signals and controls the direction of the 
currents applied to the three motor phases. This power 
switching is done by power transistors. 


Another function must be added to the driving electronics, 
namely, that of controlling the motor current and 
maintaining it at the correct value. At high speed, the 
electric motor’s back emf limits the phase currents. But at 
low speeds, the back emf is low (it is Zero at stall), and 
_ therefore if the current is to be kept constant, the applied 
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voltage must be reduced. This is done by sensing the 
motor current and using its value to regulate the duty cycle 
of the applied voltage, thereby controlling the average 
motor voltage. In this way, a constant-current source of 
motor power is obtained. 


HOW IT WORKS 


In the controller chip, each of the three output stages is a 
totem-pole pair (Figure 1) capable of sourcing and sinking 
the motor’s full rated current. Inductive transients from the 
load are clamped to Vcc by Schottky diodes and to ground 
by the intrinsic substrate diodes, thus obviating the need for 
external clamping devices. : 


The power output stages have two functions. The first is to 
commutate the three motor phases in the proper se- 
quence, producing unidirectional torque in the rotor. The 
second is to switch the applied motor voltage in the manner 
selected and programmed by the user, maintaining the 
output current at the desired level. This switching control of 
current is accomplished in a fixed-off-time, two-quadrant 
mode, providing the automatic peak current limiting and 
low ripple current essential to high electrical efficiency at 
the motor windings. 


The emitters of the three bottom transistors ai the totem- 
pole output stages are connected to Pin 1, through which 
all the motor current flows. If a low-value resistor is placed 
between this pin and ground, a usable voltage proportional 
to motor current is derived without appreciable I°R losses. 


This current-sensing voltage serves as a feedback signal 
for the switching current control loop. It is applied to the 
lsense input through an RC filter, which prevents false trig- 
gering due to noise spikes in the current waveform. 


An internal voltage Comparator determines whether the 
voltage Vi seyge IS equal to Vrer, a positive variable refer- 
ence voltage dependent on the output of the chip’s error 
amplifier. lf Q of the monostable multivibrator (that follows 
the comparator) is high, the chip’s output stages are 
enabled, the output current increases, and Vi sense alSo 
increases until it becomes positive with respect to Vrer. 
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Cr 44 0.0022uF 
+V. 
Rr 10k of 
9 3 zc 
7\ SDa = 
2 
+5V 
ERROR 
AMPLIFIER COMPARATOR 15 MOTOR 











4k VReF 
Aol MONOSTABLE_ g 
TORQUE Os-V MULTIVIBRATOR 
CONTROL 7 Grane 
1k 
VOrAce HALL-EFFECT 
+5V LOCKOUT re ,_) DEVICES 
Vi SENSE 


+5V 


RGN SESS Same CC ——— 


10k(3pI.) 


10k 


FORWARD/ 1k 
REVERSE 
SWITCH 


0.001yF 


FIGURE 1. THE UC3620 CHIP PROVIDES FULL CONTROL OF MOTOR CURRENTS UP TO 2A, WITH ROTATION IN BOTH DIRECTIONS. HALL-EFFECT 
DEVICES INTERNAL TO THE MOTOR PROVIDE POSITION INFORMATION THROUGH A DECODER TO THREE TOTEM-POLE DRIVERS. COMPARING 
THE CHANGING VOLTAGE ACROSS Rs WITH THE ERROR AMPLIFIER OUTPUT HELPS KEEP THE CURRENT CONSTANT. 
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APPLICATION NOTE 


At this point the comparator resets the monostable, forcing 
Q low and disabling the output stages. The motor current 
now circulates through one of the Schottky diodes and the 
conducting upper transistor because of the stored induc- 
tive energy, until the monostable off-time has elapsed (Fig- 
ure 2). Q then returns to the high state and the cycle is 
repeated. 


The switching off-time is fixed, since it is determined by the 
user’s Choice of timing components Rr and Cr. At the start 
of the off-time, capacitor Cr is charged to +5V, and the 
monostable outputs are held in the off state until this volt- 
age decays exponentially to a level of 2V. Since resistor Rr 
supplies the only path for the discharging current, it is 
possible to calculate the time required, torr, in seconds: 


clorr 2 
ar ( RrCr ) 5 
or: 


Vec TO 40V 
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torr 


RrCr 
torr = 0.916RrCr 


When the 2 volt level is reached, the monostable is set 
again, and the cycle repeats. 


The reference voltage, Vrer, then, is the controlling voltage 
of what is in effect a transconductance amplifier of which 
the controlled output is the motor current through resistor 
Rs. To repeat, the circuit controls the peak value of the 
current. If the switching frequency is high (low current 
ripple), the assumption may be made that the average 
value of motor current, Im, is approximately equal to the 
peak, and so: 


= In (2/5) = -0.916 


Vrer = ImRs 


i 1. 
Gr = = — Siemens 
. Ver Rs 




















PHASE A 
PHASE C 
PHASE B 


e©oeeee 0 oe eo Qp2 ON 


-—oe Oo » Qp2 OFF 


FIGURE 2. WHEN Qg2 1S ON, CURRENT FLOWS THROUGH Qai AND TWO MOTOR WINDINGS TO GROUND (DOTTED ARROWS). DURING THE TIME 
THAT Qp2 IS OFF, THE STORED ENERGY IN THE WINDING INDUCTANCE FLOWS THROUGH SCHOTTKY DIODE SDg, TRANSISTOR Qai, AND BACK 


THROUGH THE WINDINGS (DASHED ARROWS). 
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The maximum value of Veer is limited to 0.5V by a zener 
diode (Figure 1 again). This value sets a limit to the maxi- 
mum motor current as well, since: 


Imax = amperes 


0.5 
Rs 
Consequently, the proper selection of Rs protects both the 

motor and the chip from excess current. 


The motor is connected to the chip’s three outputs Aout, 
Bout, and Cour. The motor windings are Y-connected, and 
the driver energizes two phases at a time, the third one 
being off. Thus each driver output will be in one of three 
states: high (Vcc), off (high impedance), or low (OV), gener- 
ating six possible combinations (Table 1). 


Table 1. Terminal Conditions for 
Different Driver Output States 





SIX STATES 


In each of the six possible states, one of the upper transis- 
tors is on, together with one of the bottom transistors. In any 
of the states, itis the bottom transistor that controls switch- 
ing, while the upper device remains conducting. For exam- 
ple, in state ABZ, current flows continually through upper 
transistor Qa1, but switches between lower transistor Qpe 
and Schottky diode SDs (Figure 2 again). This switching 
action results in low current ripple through the motor and is 
known as two-quadrant operation, in which the power 
supply current flows only in one direction, namely, into the 
driver (Figure 3). One advantage of this unidirectionality is 
that a shunt regulator is not necessary to prevent an over- 
voltage at the Vcc bus during motor deceleration. 


A more significant advantage is that it results in the least 
current ripple for a given switching rate. More precisely, the 
current waveform’s form factor (the ratio of its rms to its 
average value) is closer to unity. Since the amount of |°R 
heating depends on the rms value of |, whereas torque 
depends on the average value, a form factor approaching 
unity results in greater motor efficiency. 


The current reference voltage Vrer at the inverting input of 
the chip’s comparator depends on the output voltage, Vour, 
of the error amplifier. The relationship between the two is: 
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Vout ~1 
5 


The offset of 1V between Vour and the 5:1 voltage divider 
ensures that the error amplifier can always achieve zero 
current at the motor. The amplifier itself has a high gain of 
80dB minimum, an fr of O.BMHZz; and is internally compen- 
sated for stable operation. 


VREF = 


In a feedback speed control application, even with a reduc- 
tion in gain of 14dB due to the 5:1 resistive attenuator 
between the amplifier and the comparator, there is still a 
minimum DC gain of 66dB, which is more than adequate 
for most requirements. The same consideration applies to 
the 1V offset, which is overshadowed by the high-gain loop 
as well. 
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FIGURE 3. THE CHIP’S SWITCHING CIRCUIT CONTROLS MOTOR CUR- 
RENT ON A PULSE-BY-PULSE BASIS. WHEN THE BOTTOM TRANSISTOR 
OF AN OUTPUT STAGE IS ON, THE CURRENT AT FIRST RISES RAPIDLY 
AND THEN DECAYS SLOWLY AS IT CIRCULATES THROUGH THE TRAN- 
SISTOR’S ASSOCIATED DIODE. THE FORM FACTOR OF THE WAVEFORM 
IS THEREFORE CLOSE TO UNITY, SO THAT HEATING OF THE COILS IS 
REDUCED. 


The chip also includes two protection circuits to help make 
it more reliable. The under-voltage lockout prevents the 
output stages from being energized unless the supply volt- 
age can provide sufficient base current to the drive transis- 
tors. The maximum Vcc start-up threshold is set at 8V and 
has a built-in hysteresis of 0.5V. 


A thermal shutdown circuit affords protection against 
excessive junction temperatures. This circuit disables the 
drive transistors when the chip's temperature is between 
150°C and 180°C. When the temperature returns to a safe 
value, normal operation is automatically restored. 


When the power source for a motor is DC, a commutator is 
needed to, in a sense, alternate the power applied to the 
windings. A brushless DC motor uses an external power 
commutator. As a rule, however, the motor has an elec- 
tronic device internal to it that generates information rela- 
tive to angular position for use in controlling the 
commutator. 
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CONTROLLING BRUSHLESS MOTORS 
TO 2A 


The control chip was designed to drive any three-phase 
brushless DC motor of up to 2A and is particularly suited for 
motors with integral Hall-effect devices. Ha, Hs, and Hc 
(Figure 1 again) are TTL-compatible inputs that, together 
with the Forward-Reverse input (FWD/REV), determine the 
output states (Table 2). 


The commutation logic built into the UC3620 is intended 
for use with motors with 120 electrical degree Hall codes. 
Motors that use the alternative 60 electrical degree 
code can be easily accomodated with the addition of 
an inverter to reverse polarity of one of the Hall signals. 


When used as described, the device operates in a current 
feedback mode and acts as a current controller, or rather 
as a transconductance amplifier. This closed-loop circuit 
can be made part of another feedback loop to control the 
motor speed. Controlled speed loops are of interest in 
many applications, some of which require a very high 
degree of control accuracy. For example, a crystal- 
referenced. phase-locked loop is needed to control the 
spindle speed of magnetic disk drives. 


. Table 2. Hall Device Logic Coding 
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Note: A change of state in the Forward/Reverse line inverts the output states, 
thus reversing the direction. 
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NEW PULSE WIDTH MODULATOR CHIP 
CONTROLS 1 MHz SWITCHERS 


ABSTRACT 


Controversy prevails as to the benefits of pushing switched mode pulse width modulated power supplies higher and 
higher in frequency. Two facts are undisputed though: the industry is pushing switching frequencies up daily and no 
PWM control IC has been available to optimally control circuits running above several! hundred kilohertz. A new IC, the 
UC3825, has been developed with the top end of the PWM frequency spectrum in mind to simplify high speed control 
problems. This chip, suitable to either voltage or current mode control, addresses the speed critical parameters that have 
been glossed over in the past: error amp bandwidth, output drive capability, oscillator frequency range, and propagation 
delay. A one megahertz, 50 watt supply has been built to demonstrate the chip. 


PWM CONTROLLER REVIEW 


Briefly reviewing popular control IC’s on the market 
today should serve to illustrate one source of the headaches 
belonging to designers of high frequency switching 
power supplies. The snaggle-toothed appearance of the 
table illustrates the fact that high speed parameters 
have generally been ignored. The entries in this table 
represent the tried and true first and second generation 
standbys (1524, 1525, 494), dedicated off line control 
(1840), and current mode (1846). All these architec- 
tural approaches have certainly proven sufficient for 
numerous converter designs, but all lack the processing 
speed required to keep track of a 1 MHz switcher, or 
even 200 kHz for that matter. Many specifications in 
the table are missing completely, some are only typical, 
and the few guaranteed limits leave much room for 
improvement. 


Of prime importance here is the delay time between 
fault detection and turning off the power switch — the 
speed critical path. When a fault occurs, either the on 
chip over-current sense section or an off chip fault 
detector plus the shutdown section of the chip must 


work fast enough to turn off the power switch before de- 
structive current levels introduce an automatic (and 
permanent) power down feature to the supply. This fea- 
ture, of course, is manifested in blown power devices. 
The problem is aggravated at the onset of core satura- 
tion, since switch currents then rise at much faster 
rates. 


_ Also important is the drive capability of the output 
stage of the control chip chosen. Rise and fall times 
must be consistent with switching speeds or else an out- 
put buffer will have to be added. This, of course, adds 
delay to the speed critical path placing tighter demands 
on the delays through the chip or forcing the designer to 
over-specify the power elements to insure fault sur- 
vival. Over-specifying, however, adds cost, weight and 
volume as transistors, heat-sinks, and transformers are 
beefed-up. These consequences are in direct opposition 
to the very motives for going to higher frequencies in the 
first place —- reduced volume and lower cost. 


On-chip error amplifiers have also been a design 
obstacle in the past. Why build a high frequency switcher 
and then over compensate the locp due to lack of error 
amp bandwidth? Designers have been forced to conser- 


SPEED COMPARISON OF PWM CONTROLLER IC’S 
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vatively use the bandwidth available simply due to a 
lack of guaranteed specifications in many cases. Also, 
some characteristics which would prove useful haven’t 
been specified at all. Slew rate is such a specification 
that has great bearing on the large signal response of the 
supply. - * 
By comparison, the 3825 specifically addresses the 
speed critical parameters. Maximum propagation delays 
of 80 ns nearly belong in the “order of magnitude” 
improvement catagory. Slicing delays yielded a hefty 
output stage capable of 1.5 Amp peak currents. The 
guaranteed rise time is, in fact, more a function of inter- 
nal slew rates than external loading in the 1000 pF 
range. The error amp guaranteed to 3 MHz and 6 V/us’ 
promises ease of use when controlling wide-band loops. 


UC3825 BLOCK DIAGRAM 

The design philosophy for the 3825 was to build a 
chip faster than any other available and tailor it to fit 
neatly into high frequency converter designs. It in- 
cludes a dual totem-pole output stage capable of driving 
most power mosfet gates stand-alone, and the ver- 
satility to be useful for DC to DC, off-line, bridge, 
flyback, push-pull, and even resonant mode converter 
‘topologies. The member of a family covering the con- 
ventional temperature ranges, the UC3825 is specified 
for zero to 70 degrees centigrade while the UC2825 
spans —25 to 85, and the UC1825, —55 to 125. 

The block diagram of the 3825 (figure 1) is architec- 
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turally similar in many respects to a number of previous 
PWM controllers. It includes an oscillator, under- 
voltage-lock-out circuit, trimmed bandgap voltage 
reference, wideband error amplifier, PWM comparator , 
PWM latch, toggle flip-flop, soft start section, com- 
parators for over-current sensing and reinitializing soft 
start, and dual totem-pole outputs. The input to the 
PWM comparator is brought out to a separate pin so 
that it can be connected either to the timing capacitor 
for conventional PWM designs or a current sensing net- 
work for current mode control schemes. 


In normal operation, the oscillator establishes a 
fixed clock frequency issuing blanking pulses to ter- 
minate one period and begin the next. These pulses 
serve to reset the PWM comparator while blanking the 
outputs off. After the blanking pulse, one output turns 
on until the ramp input (level shifted 1.25 Volts) exceeds 
the error amp output voltage. This sets the PWM latch 
which turns the output off and triggers the toggle flip- 
flop, selecting the other output for the next period. 


THE SPEED CRITICAL PATH 

The blocks that set the 3825 aside as the controller 
best suited for frequencies over several hundred kilohertz 
are those in the speed critical path (high-lighted blocks 
in figure 1.): the PWM comparator and current limit 
comparator in the front end; the PWM latch and 
associated internal logic; and the ouput stage. Signal 


FIGURE 1. UC3825 BLOCK DIAGRAM. BOLDFACE INDICATES SPEED 
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propagation through these subcircuits makes or breaks 
a design during a fault condition. In the 3825, the pro- 
pagation delay from either the Ramp input or the 
Current-limit sense input to the output pins is typically 
50ns, very much faster than any chip available today. 


Comparators 


The PWM comparator is basically an npn differen- 
tial pair with an emitter follower output (figure 2a). 
The pair is biased so that the output swing is one Vbe. 
This guarantees none of the transistors in the com- 
parator will saturate while providing output voltage 
levels compatible with the internal logic. In order to 
assure that the input common mode range of the com- 
parator is not exceeded (the range of an npn input pair 
cannot go below approximately one Volt), a 1.25 Volt 
level shift is included between the non-inverting input 
of the comparator and the input pin of the chip. This 
allows the ramp input to swing from zero to approx- 
imately three Volts. The inverting input is tied directly 
to the output of the error amplifier. 


The benefit of this approach is ease of use. both in 
current mode and conventional PWM applications. For 
the older PWM circuit approach, the ramp input pin 
can be tied directly to the oscillator Ct pin while current 
mode users can simply tie a ground referenced current 
sense network directly to the Ramp pin. 

The current limit comparator is very similar in design 
tothe PWM comparator. Its inverting input is referenced 
internally to a one Volt level derived from the 5.1 Volt 
reference allowing the non-inverting input to be brought 
directly to the current limit pin. Functionally, when a 
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fault causes the Current-limit pin to exceed one Volt, it 
acts just like the PWM comparator, setting the PWM 
latch and causing the outputs to remain off for the dura- 
tion of the clock cycle. 


The current-limit comparator can also be combined 
with the 3825 outputs and a few external components to 
form a constant volt-second product clamp (figure 2b). 
This clamp is useful in current modesystems to prevent 
core saturation during load transients. When either 
output turns on (goes high), capacitor, C, is charged 
from Vin through resistor, R. Normal circuit operation 
would turn off the outputs causing C to be discharged 
before it reaches one Volt. If, however, it does reach one 
Volt, the current-limit comparator terminates the out- 
put pulse. Since the charge rate is proportional to Vin 
(assuming Vin is much greater than one Volt), then a 
constant Volt-second product clamp of one Volt times 
RC is achieved. 


Logic 

All of the speed critical logic, including the PWM 
latch, the toggle flip-flop, and various gates are a cross’ 
between emitter coupled logic and emitter function 
logic. In either case, their speed relies on emitter 
coupled pairs and emitter follower buffers biased to 
insure that no transistor saturates. Although two OR’s, 
a NOR and the PWM latch are directly in the critical 
path between the input comparators and the output 
drivers, they account for only twenty percent of the 
total delay, the remainder being shared between the 
comparators and the output stage. 


= 


COMPARATOR 
OUTPUT 


TO ERROR 
AMP OUTPUT 


FIGURE 2a. PWM COMPARATOR SCHEMATIC. 
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MAXIMUM VOLT — SECOND PRODUCT = RC x 1V 


FIGURE 2b. CONSTANT VOLT-SECOND PRODUCT CLAMP IMPLEMENTED USING THE CURRENT LIMIT COMPARATOR. 


Outputs 


Speed from one pin to another does little or no good 
unless the signal coming out of the chip has the strength 
to do its job. The dual totem-pole drivers of the 3825 are 
capable of driving 1000 picofarads from one rail to the 
other in a mere 30 nanoseconds. In fact the peak current 
avilable is in excess of 1.5 Amps. This kind of brute 
strength is sufficient for driving a wide range of power 
mosfet’s in a variety of applications. | 


Some older PWM controllers with totem-pole out- 
put stages are plagued with hefty amounts of cross con- 
ducted charge during output transitions. This can 
result in major self heating problems especially at 
higher clock rates. The 3825 output stage (figure 3a) has 
been modeled after the successful designs of the UC3846 
and UC3842. The differences are in bias values and the 
addition of Schottky diodes. This circuit guarantees 
the output transistors, Q1 and Q2, are driven with com- 
plementary signals to keep cross conducted charge 
under control. This approach necessarily involves a 
compromise since speed is of the utmost concern. 
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Delays could be inserted to guarantee zero cross con- 
ducted charge, but that would be contrary to the re- 
quired propagation delays for high speed operation. 
The outputs have been adjusted to yield these rise and 
fall times at a penalty of only 20 nanocoulombs of cross 
conducted charge per transition. At a clock frequency of 
500 kHz, this only adds an additional 10 mA to the sup- 
ply current. 


Rather than dwell on cross conducted charge, which 
is measured with no load on the outputs, it is more 
appropriate to examine the performance with typical 
loads. The most anticipated load is a power mosfet. The 
impedence presented by the gate of the fet is applica- 
tion dependent, but is primarily capacitive. Therefore, 
consider the requirements of driving a capacitor with a 
square wave voltage. The charge required for one cycle 
is equal to the capacitance times the voltage. The 
average current taken from the supply is that charge 
times the switching frequency. This determines the 
power required from the supply to drive the cap. Since 
the cap is an energy storage element, all the power 
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FIGURE 3a. OUTPUT STAGE SIMPLIFIED SCHEMATIC. 


taken from the supply is dissipated by the chip. An 
efficiency figure for the chip can be defined as the ratio 
of the theoretical power dissipation to the actual power 
dissipated by the chip. This can be determined for a 
given frequency and supply voltage by measuring the 
average supply current into the Vc pin (assuming the 
peak output voltage is approximately equal to the sup- 
ply voltage). The figure of efficiency, then, is: (CVf)/Ic. 
The graph of figure 3b shows the 3825 optimized to drive 
capacitances above 200pF. Care should always be taken 
when driving high capacitive loads to make sure the 
maximum power dissipation level of the chip is not 
exceeded. 
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Another side effect of the output stage should be con- 
sidered. Any node in a circuit capable of driving large 
capacitances at these rates begins quickly to resemble 
an LC tank. Transmission lines, even one inch in 
length, can become troublesome. The trouble occurs 
when, on the falling edge at an output, the load rings 
and actually pulls the output pin below ground. For 
years IC manufacturers have been warning users not to 
allow certain pins to go below ground and the 3825 out- 
put pins carry the same warning. The collector of the 
pull down transistor becomes a parasitic npn emitter 
when pulled below the chip’s substrate, which is grounded 
(figure 4). The collector, or collectors as the case is, are 
every other npn collector and pnp base on the chip. The 
ones that are closer to the parasitic emitter collect pro- 
portionally more current than ones further away. Physi- 
cal size of the parasitic collectors also plays a similar 
role. The results of this phenomenon can range from 
nonobservable to severe. Resembling leakage current 
internally, reference voltages can be altered, oscillator 
frequency can jitter, or chip temperature can be ele- 
vated. Dummy collectors tied to ground are inserted 
into the 3825 chip which help to attenuate this problem 
but the designer still needs to be aware of it. The pro- 
blem’s potential is not a horror story, though. Among 
the easiest of solutions is some form of damping in the 
load circuit (for example ten ohms series resistance) 
and a good high speed diode, Schottky if possible, to 
clamp the output pin’s negative going excursion. 
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FIGURE 4. PARASITIC NPN TURNS ON WHEN SUBSTRATE - EPI JUNCTION 1S FORWARD BIASED. 
HIGH SPEED Oscillator dead time, which effects controller dynamic 
COMPLEMENTARY BLOCKS range, can typically be held to 100ns at IMHz, allowing 


An integrated circuit controller with delays of 50ns 
through its speed critical path is certainly a leading 
candidate for high frequency switcher applications. 
There are a few blocks just off the race path that need 
also to be fast in order to fully qualify the chip for such 
applications. The oscillator and error amplifier are two 
such blocks. 


Oscillator 


From the users point of view, the oscillator looks 
identical to many that have gone before it (figure 5a). 
Composed of an all npn comparator, this oscillator has 
dual thresholds — the upper at 2.8 Volts and the lower at 
one Volt. Charging current for the timing capacitor, Ct, 
is mirrored from the timing resistor, Rt. The Rt pin is 
held at a temperature stable 3 Volts. Temperature 
stability of the oscillator, then, is achieved by main- 
taining stable thresholds at the comparator. When Ct 
has charged to the upper threshold, Q3 turns on to sink 
acontrolled current of approximately 10 mA. The effect 
of this action is that the discharge of Ct is done in an 
orderly manner allowing the comparator to reliably 
catch it when crossing the lower threshold. This also 
prevents Q3 from saturating, reducing delays in the 
oscillator and enabling it to operate at higher frequen- 
cies. The 3825 oscillator is nominally specified at 400kHz 
with an initial guaranteed accuracy of 10%. Tempera- 
ture stability is typically better than 5% while voltage 
stability (frequency shift over supply voltage) is 0.2%. 
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90% duty cycles. 


In applications where two 3825’s are used in close 
proximity and synchronization is desired (figure 5b), 
the oscillator in one chip can be disabled by tying Rt to 
the reference Voltage. That chip, then, must be clocked 
by joining the clock pins of both chips. Multiple 3825’s 
also can be synchronized from a master 3825 or other 
external sync signal. The slave chips are programmed 
to run at a frequency somewhat lower than the master 
chip. The master then inserts a sync pulse forcing each 
slave’s Ct over the top threshold and causing discharge 
action to occur. This way, each chip generates its own 
clock pulses synchronized to a master clock. 


Error Amplifier 


The 3825 error amplifier is a voltage gain amp with 
premium bandwidth and slew rate. Again using only 
npn’s in the signal path, a compensated unity gain 
bandwidth of 5.5 MHz is achieved. The simplified 
schematic (figure 6) shows the signal path of the ampli- 
fier. Note that while the compensation scheme is not 
extremely complex or brand new in nature, neither is it 
the simple dominant pole approach. Included are two 
zeros located beyond the unity gain frequency to en- 
hance phase margin. One is created by a capacitor 
across the emitter degeneration resistors in the first 
stage and the second is formed by a resistor in series 
with the dominant pole capacitor. 
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FIGURE 5. OSCILLATOR SIMPLIFIED SCHEMATIC (a) AND TWO SYNCHRONIZATION METHODS (b). 
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FIGURE 6. SIMPLIFIED SCHEMATIC OF WIDE BAND ERROR AMPLIFIER SHOWING SOFT START CLAMP SCHEME. 


By degenerating Gm, the emitter resistors allow an 
increased first stage bias current level. This contributes 
to a 12 V/us typical slew rate. High slew rate, while 
desirable for good large signal transient response, is not 
enough to guarantee minimal response time. Often an 
amplifier may have high slew rates yet exhibit long 
delay times coming out of saturation when it has been 
driven to a rail. To defeat this problem, all critical 
nodes within the amp have been Schottky clamped. 


GLUE BLOCKS 


The remaining blocks, while not speed critical, mold 
the 3825 into a more complete PWM controller. The 
reference, a time proven design, is trimmed to guaran- 
tee 5.1 Volts at better than one-percent tolerance. This 
voltage is then held over conditions of line, load, and 
temperature changes to a two percent total spread. 


Soft-start is very simply implemented by a pnp 
clamp transistor merged into the output stage of the 
error amp (figure 6). During soft start, while the 944A 
current source is charging the external capacitance on 
pin 8, Q4 actively forces pin 3 to follow pin 8. In this 
manner a controlled slow start can be achieved for 
either voltage or current mode systems. When the error 
amp comes into regulation, Q4’s emitter-base junction 
is reverse biased and offers no further interference to the 
normal operation of the amp. 
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In addition to slow starts, the soft-start pin can be 
used to other ends. Clamping the maximum voltage 
this pin is allowed to rise to will then effectively clamp 
the maximum swing of the error amplifier. In a conven- 
tional PWM scheme this results in a duty cycle clamp 
while in a current mode application, it establishes the 
maximum peak current level. 


Fault conditions are sensed by the 3825 at pin 9 
which is shared by the inputs of the current limit com- 
parator and the shut down comparator. When this pin 
exceeds one Volt, the current limit comparator sets the 


_PWM latch, terminating the output for the remainder 


of that cycle. As with normal operation, setting the 
PWM latch causes the toggle flip-flop to switch states. 
If the pin is further raised to exceed 1.4 Volts, the shut- 
down comparator forces the soft-start pin to sink a 
guaranteed minimum of one milliampere rather than 
sourcing 9 microamperes. Thus the shut down com- 
parator causes the soft start capacitor to be discharged 
rapidly. After the fault signal is removed the 3825 will 
then execute a normal soft-start sequence. 


One method of combining current-limit and shut- 
down signals is shown in figure 7. Here, in a current | 
mode control example, a current sense transformer is 
used to translate switch current to proper voltage analogs 
for optimal control at both the Ramp and Current-limit 
sense pins while the shut-down signal is inserted with a 
resistive summing technique. 
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FIGURE 7. CURRENT LIMIT SENSE AND SHUT DOWN SIGNALS ARE COMBINED AT PIN 9 IN THIS CURRENT MODE 


EXAMPLE. 


Starting the 3825 involves the Under-voltage lock- 
out portion of the chip. This block acts like a com- 
parator with it’s inverting input biased to 9 Volts and 
having 0.8 Volts of hysteresis. If Vcc is below the UVLO 
threshold, the reference generator and the internal bias 
are turned off, Keeping Icc at a typical 1.1 mA and the 
outputs in a high impedence state. When Vcc exceeds 
the UVLO threshold, the reference is turned on and the 
chip comes alive. Bedlam is avoided, however, as a 
second comparator monitors the reference voltage and 
inhibits the outputs until the reference is high enough 
to ensure intelligent operation. This inhibit signal also 
holds the soft start pin at a low voltage. After the 
reference is sufficiently high, the chip begins a soft 
start sequence. | 


50 WATT DC-DC 
PUSH-PULL CONVERTER 

A 48 to 5 Volt, 50 Watt converter has been built as a 
test vehicle for the chip (U-110). Designed around a push 
pull, current mode controlled topology, the circuit runs 
from a 1.5 MHz clock. In the interest of simplicity, the 
ramp input and current limit pins were tied together 


Unitrode Integrated Circuits Corporation 


underutilizing the available dynamic range of the 
Ramp pin by a factor of 3. A ground plane, judicious 
bypass capacitors and tight layout technique yielded a 
circuit that could be easily interrogated without signifi- 
cant noise interference problems. 


In this simple application, the 3825 performs all the 
tasks required to regulate the 50 W power stage. The 
gate drive for the two power mosfets comes directly 
from the chip. Current loop slope compensation is resis- 
tively summed with the current sense signal at pin 7. 
Overall loop compensation is implemented with two 
resistors and a capacitor on the error amplifier. Taking 
advantage of the 1.5 MHz switching frequency and the 
wide bandwidth characteristics of the error amp, the 
control loop was compensated to zero dB at 300kHz. 


CONCLUSION 


Presenting an easy to use PWM architecture, the 
UC3825 possesses the necessary high speed characteris- 
tics to control switchers in the higher frequency ranges. 
This fills a void that has hindered high frequency 
applications in the past. A simple example running at 
1.5 MHz points to a future of faster switching supplies. 
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USING AN INTEGRATED CONTROLLER IN 
THE DESIGN OF MAG-AMP OUTPUT REGULATORS 


y 
Robert A. Mammano, Unitrode IC Corp. 
Charles E. Mullett, Mullet Associates, Inc. 


Magnetic amplifier technology dates back considerably 
further than transistors but its wide-spread use has been 
slow in developing. While many factors may have been 
responsible for this, at least one — the high cost of 
tape-wound magnetic cores — has been alleviated with 
significant recent price reductions and the introduction 
of less expensive materials. And now, another one — the 
problems in designing effective control loops utilizing 
mag amps as voltage regulators — has fallen with the 
introduction of an IC dedicated to mag amp control — 
the UC1838. 


While there are many types of power supply applications 
where mag amps may effectively be used, one of the most 
popular current uses is as a secondary regulator in multiple 
output power supplies configured as shown in Figure 1. The 
problem with multiple outputs stems from the fact that the 
open-loop output impedance of each winding, rectifier, and 
filter is not zero. Thus, if one assumes that the overall feed- 
back loop holds the output of Vo, constant, then increasing 
the loading on Vo, will cause the other outputs to rise as 
the primary circuit compensates; similarly; increasing the 
loading on any of the other outputs will cause that output 
io droop as the feedback is not sensing those outputs. While 
these problems are minimized by closing the feedback loop 
on the highest power output, they aren’t eliminated and 
auxiliary, or secondary regulators are the usual solution. A 
side benefit of secondary regulators, particularly as higher 
frequencies reduce the transformer turns, is to compensate 
for the fact that practical turns ratio may not match the 
ratio of output voltages. Clearly, adding any form of regu- 
lator in series with an output adds additional complexity — 
and power loss. Mag amps are a hands down winner in 
both areas. . 





Figure 1. A typical multiple output power supply 
architecture with overall control from one output. 


MAG AMP VOLTAGE REGULATORS 


Although called a magnetic amplifier, this application really 
uses an inductive element as a controlled switch. A mag amp 
is a coil of wire wound on a core with a relatively square 
B-H characteristic. This gives the coil two operating modes: 
when unsaturated, the core causes the coil to act as a high 
inductance capable of supporting a large voltage with little 
or no current flow. When the core saturates, the impedance 
of the coil drops to near zero, allowing current to flow with 
negligible voltage drop. Thus a mag amp comes the closest 
yet to a true ‘‘ideal switch’’ with significant benefits to 
switching regulators. 


Before discussing the details of mag amp design, there are 

a few overview statements to be made. First, this type of 
regulator is a pulse-width modulated down-switcher imple- 
mented with a magnetic switch rather than a transistor. It’s 
a member of the buck regulator family and requires an 
output LC filter to convert its PWM output to DC. Instead 
of DC for an input, however, a mag amp works right off the 
rectangular waveform from the secondary winding of the 
power transformer. Its action is to delay the leading edge of 
this power pulse until the remainder of the pulse width is 
just that required to maintain the correct output voltage 
level. Like all buck regulators, it can only subtract from the 
incoming waveform, or, in other words, it can only lower 
the output voltage from what it would be with the regulator 
bypassed. As a leading-edge modulator, a mag amp is 
particularly beneficial in current mode regulated power 
supplied as it insures that no matter how the individual 
output loading varies, the maximum peak current, as seen 
in the primary, always occurs as the pulse is terminated. 


MAG AMP OPERATION 


Figure 2 shows a simplified schematic of a mag amp 
regulator and the corresponding waveforms. For this 
example, we will assume that Ns is a secondary winding 
driven from a square wave such that it provides a +10 volt 
waveform at v;. At time t = 0, v, switches negative. Since 
the mag amp, LI, had been saturated, it had been delivering 
+10V to v; prior to t = 0 (ignoring diode drops). If we 
assume v, = -6V, as defined by the control circuitry, when 
v, goes to -10V, the mag amp now has four volts across it 
and reset current from vc flows through D1 and the mag 
amp for the 10 »S that v, is negative. This net four volts for 
10 »S drives the mag amp core out of saturation and resets it 
by an amount equal to 40V-pS. 
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Figure 2. A simplified mag amp regulator and 
characteristic waveforms. 


When t = 10 »S and v, switches back to +10V, the mag 
amp now acts as an inductor and prevents current from 
flowing, holding v, at OV. This condition rema:::: util the 
voltage across the core — now 10 volts — drives the core 
back into saturation. The important fact is that this takes 
the same 40 volt-uS that was put into the core during reset. 


When the core saturates, its impedance drops to zero and v, 
is applied to v. delivering an output pulse but with the lead- 
ing edge delayed by 4 pS. 


Figure 3 shows the operation of the mag amp core as it 
switches from saturation (point 1) to reset (point 2) and 
back to saturation. The equations are given in cgs units as: 


N = mag amp coil turns 

Ae = core cross-section area, cm? 

fe = core magnetic path length, cm 
B- = flux density, gauss 

H = magnetizing force, oersteads 


The significance of a mag amp is that reset is determined by 
the core and number of turns and not by the load current. 
Thus a few milliamps can control many amps and the total 
power losses as a regulator are equal to the sum of the con- 
trol energy, the core losses, and the winding I?R loss — each 
term very close to zero relative to the output power. 


Vo = Vin ( - at 
T 


_ NAe AB x 10° 
VIN 
AHfe 
0.4aN 


AT 


lc = 








B 
Figure 3. Operating on the B-H curve of the magnetic core. 


Figure 4 shows how a mag amp interrelates in a two-output 
forward converter illustrating the contribution of each 
output to primary current. Also shown is the use of the 
UC1838 as the mag amp control element. 
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Figure 4. Control waveforms for a typical two-output, 
secondary regulated, forward converter. 


THE UC1838 MAG AMP CONTROLLER 


While bringing no major breakthroughs in either integrated 
circuit or power supply technology, the UC1838 provides 

a low-cost, easy-to-use, single-chip solution to mag amp 
control. The block diagrams of this device, as shown in 
Figure 5, includes three basic functions: 

1. An independent, precise, 2.5V reference 

2. Two identical, high-gain operational amplifiers 

3. A high-voltage PNP reset current driver. 





12.13 J 


Figure 5. The block diagram of the UC1838 mag-am 
control integrated circuit. : 


The reference is a common band-gap design, internally trim- 
med to 1%, and capable of operating with a supply voltage 
of 4.5 to 40 volts. The two op amps are identical with a 
structure as shown simplified in Figure 6. These amplifiers 
have PNP inputs for a common mode input range down to 
slightly below ground and have class A outputs with a 1.5 
MA current sink pull down. The open loop voltage gain 
response, as shown in Figure 7, has a nominal 120 dB of 
gain at DC with a single pole roll-off to unity at 800 KHz. 
These amplifiers are unity-gain stable and have a slew rate 
of 0.3 W/pS. 
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Figure 6. Simplified schematic of each of the operational 
amplifiers contained within the UC1838. 


Amplifier Open-Loop Response 


GAIN MAGNITUDE — (dB) 
PHASE — (Degrees) 





O01 1 10 100 1k 10k .1M 1M 
SIGNAL FREQUENCY — (Hz) 


Figure 7. Open-loop gain and phase response for the 
UC1838 op amps. | 


Two op amps are included to provide several design options. 
For example, if one is used to close the voltage feedback 
loop, the other could be dedicated to some protective 
function such as current limiting or over-voltage shutdown. 
Alternatively, if greater loop gain is required, the two 
amplifiers could: be cascaded. 


The PNP output driver can deliver up to 100 MA of reset 
current with a collector voltage swing of as much as 80 volts 
negative (within the limits of package power dissipation). 
Remembering that the mag amp will block more volt- 
seconds with greater reset, pulling the input of the driver 
low will attempt to reduce the output voltage of the regu- 
lator. Thus, there are two inputs, diode ‘‘OR’’ ed to turn 
on the driver, turning off the supply output. | 


With internal emitter degeneration, this reset driver operates 
as a transconductance amplifier providing a reset current as 
a function of input voltage as shown in Figure 8. The fre- 
quency response of this circuit is plotted in Figure 9 showing 
flat performance out to one megahertz. 
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Reset Driver DC Transfer Function 


RESET CURRENT — (mA) 





INPUT VOLTAGE — Volts (W.R:T. Vm) 


Figure 8. Transconductance characteristics of the UC1838 
reset current generator. 


Reset Driver Response 


PHASE — (Degrees) 


Gain = 20 log a 


1 
Vo - 

Io (DC)= 50mA, 
lo (AC) = 10mA 
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Figure 9. Reset driver frequency response. 


Current limiting to protect the output driver is achieved by 
means of the 3.5 V Zener clamp (which is temperature com- 
pensated to match two VBE’s) in conjunction with the 200 
emitter resistor. It should be noted that thermal shutdown is 
purposely not included since protecting the driver by turning 
it off would mean losing control of the power supply output. 
Pin 11 — the emitter of the driver — can be connected to 
any convenient voltage source from 5VDC to the level used 
to supply the op amps. Note that the op amp supply must 
be at least 2 volts higher than the DC level on the inputs, a 
point to remember when selecting a location for current 
sensing. One possible configuration for a complete 
secondary regulator with shutdown control is shown in 
Figure 10. 
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Figure 10. Using the UC1838 to provide both voltage control and over-current shutdown in a typical 12V, 4A regulator. 


MAG AMP DESIGN PRINCIPLES 


One of the first tasks in a mag amp design is the selection 

of a core material. Technology enhancements in the field of 
magnetic materials have given the designer many choices 
while at the same time, have reduced the costs of what might 
have been ruled out as too expensive in the past. A compari- 
son of several possible materials is given in Figure 11. Some 
considerations affecting the choices could be: 


1. A lower Bmax requires more turns — less important at 
higher frequencies since fewer turns are required. 

2. Higher squareness ratios make better switches 

3. Higher Im requires more power from the control circuit 

4. Ferrites are still the least expensive . 

5. Less is required of the mag amp if it only has to regulate 
and not shut down the output completely 


_ MATERIALS 


Example: Similar Toroids, 1” O.D., 0.75” 1.D., 0.25” High, 25KHz, 20V. 


Bmax CoreLoss Squareness Turns IM 
@ Bmax Ratio Req'd 


Trade Name Composition 


Sq. Permalloy80 79%Ni, 
17% Fe 


78% Ni, 
17% Fe, 
5% Mo 


Supermalloy 


50% Ni 
50% Fe 


Orthonol 


Sq. Metglass Fe, B 
Power Ferrites Mn, Zn 


Sq. Ferrite Mn 
(Fair-Rite #83) 


Figure 11. A comparison of several types of core materials 
available for mag amp usage. 





In addition to selecting the core material, there are 

additional requirements to define, such as: 

1. Regulator output voltage 

2. Maximum output current 

3. Input voltage waveform including limits for both voltage 
amplitude and pulse width 

4. The maximum volt-seconds — called the ‘‘withstand 
area?’ A — which the mag amp will be expected to 
support 

With these basic facts, a designer can proceed as follows: 

1. Select wire size based on output current. 400 amp/cm? is 
a common design rule. 

2. Determine core size based upon the area product: 
AwAe = AX XA xX 10° 


AB x K 
~ Aw = Window area, cm? 
Ae = Effective core area, cm? 
Ax = Wire area, (one conductor) cm? 
A = Required withstand area, V-sec 
AB = Flux excursion, gauss 
K = Fill factors ~ 0.1 to 0.3 
3. Calculate number of turns from 
N = _A x 10° 
AB xX Ae 
4. Estimate control current from 
Ic = Hle 
0.4 a2N 
le = core path length, cm 
H is taken from manufacturer’s curves. Note that it 
increases with frequency. 


5. Check the temperature rise by calculating the sum of the 
core loss and winding loss and using 


AT =~ __Pwatts°® x 444°C 
A (surface) cm? 
6. Once the mag amp is defined, it can be used in the power 
supply to verify Ic and to determine the modulator gain 
so that the control requirements may be determined. 


where 


where 
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COMPENSATING THE MAG AMP CONTROL LOOP 


The mag amp output regulator is a buck-derived topology, 
and behaves exactly the same way with a simple exception. 
Its transfer function contains a delay function which results 


in additional phase delay which is proportional to frequency. 


Figure 12 shows the entire regulator circuit, with the modu- 
lator, filter, and amplifier blocks identified. The amplifier, 
with its lead-lag network, is composed of the op-amp 

plus R1, R2, R3, Cl, C2, and C3. The modulator, for the 
purpose of this discussion, includes the mag amp, the 

two rectifier diodes, plus the reset driver circuit which 

is composed of D1, Q1, and R7. 


[ FILTER & MODULATOR 


L = 100,H 











Or 





Vo 
FILTER & MODULATOR OUTPUT 
(AMPLIFIER INPUT) 


é Va 7 
FILTER & MODULATOR INPUT 
(AMPLIFIER OUTPUT) 


Figure 12. Schematic diagram of a typical regulator 
control loop. . 


The basic filter components are the output inductor (L) 
and filter capacitor (C4) and their parasitic resistances R4 
and RS. For this discussion, a 20 KHz, 10 Volt, 10 Amp 
regulator is used. The output inductor has been chosen to 
be 100 »H, the capacitor is 1000 pF and each has .01 ohms 
of parasitic resistance. The load resistor (R6) of 1 ohm is 
included since it determines the damping of the filter. 


The purpose of proper design of the control loop is to 
provide good regulation of the output voltage, not only 
from a dc standpoint, but in the transient case as well. This 
requires that the loop have adequate gain over as wide a 
bandwidth as practical, within reasonable economic 
constraints. These are the same objectives we find in all 
regulator designs, and the approach is also the same. 


A straightforward method is to begin with the magnitude 
and phase response of the filter and modulator, usually 

by examining its Bode plot. Then we can choose a desired 
crossover frequency (the frequency at which the magnitude 
of the transfer function will cross unity gain), and design the 
amplifier network to provide adequate phase margin for 
stable operation. 


Figure 13 shows a straight-line approximation of the filter 
response, ignoring parasitics. Note that the corner frequency 
is 1/(2 7 V LC), or 316 Hz, and that the magnitude of the 
response ‘‘rolls off’’ at the slope of -40 dB per decade 
above the corner frequency. Note also that the phase lag 
asymptomatically approaches 180 degrees above the corner 
frequency. 
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Figure 13. Output filter response. 


To include the effects of the mag amp modulator, we must 
consider the additional phase shift inherent in its transfer 
function. This phase delay has two causes: 


1. The output is produced after the reset is accomplished. 
We apply the reset during the ‘‘backswing’’ of the 
secondary voltage, and then the leading edge of the 
power pulse is delayed in accordance with the amount 
of reset which was applied. 

2. The application of reset to the core is a function of the 
impedance of the reset circuit. In simple terms, the core 
has inductance during reset which, when combined with 
the impedance of the reset circuit, exhibits an L-R time 
constant. This contributes to a delay in the control 
function. 

The sum of these two effects can be expressed as: 


Om =-(2D+ a)“ , where 
Qs 


Om = Modulator phase shift 


D = Duty ratio of the ‘‘off’’ time 

a = resetting impedance factor: = 0 for a current 
source; = 1 when resetting from a low-impedance 
source; and somewhere in between for an 
imperfect current source. 

ws = 2a fs, where fs = the switching frequency. 


When the unity-gain crossover frequency is placed at or 
above a significant fraction (10%) of the switching fre- 
quency, the resultant phase shift should not be neglected. 
Figure 14 illustrates this point. With a = 0, we insert no 
phase delay, and with a = 1 we insert maximum phase 
delay, which results from resetting from a voltage source 
(low impedance). The phase delay is minimized in the 
UC1838 by using a collector output to reset the mag amp. 





FREQUENCY, 
WS 


Figure 14. Mag amp phase shift. 


It is difficult to include this delay function in the transfer 
function of the filter and modulator. A simple way to 
handle the problem is to calculate the Bode plot of the 
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filter/modulator transfer function without the delay 
function, and then modify the phase plot according to 
the modulator’s phase shift. 


Using this technique, the Bode plot for the modulator and 
output filter of this example has been calculated assuming 
a = 0.2 and D = 0.6 yielding the graph of Figure 15. 
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Figure 15. Filter-modulator response including the effects of 
mag amp phase delay. 


If we now close the loop with an inverting error amplifier, 
introducing another 180 degrees of phase shift, and cross 
the unity gain axis above the corner frequency, we will have 
built an oscillator — unity gain and 360 degrees of phase 
shift. 


An alternative, of course, is to close the loop in such a way 
as to cross the unity-gain axis at some frequency well below 
the corner frequency of the filter, before its phase lag has 
come into play. This is called ‘‘dominant pole’’ compen- 
sation. It will result in a stable system, but the transient 
response (the settling time after an abrupt change in the 
input or load) will be quite slow. 


The amplifier network included in Figure 12 allows us to 

do a much better job, by adding a few inexpensive passive 
parts. It has the simplified response shown in Figure 16. The 
phase shift is shown without the lag of 180 degrees inherent 
in the inversion. This is a legitimate simplification, provided 
that we use an overall lag of 180 degrees (not 360 degrees) as 
our criterion for loop oscillation. 


MAGNITUDE, dB 
PHASE, DEGREES 





Figure 16. Compensated amplifier frequency and 
phase response. 


The important point is that this circuit provides a phase 
“‘bump’’ — it can have nearly 90° of phase boost at a 
chosen frequency, if we provide enough separation between 
the corner frequencies, fl and f2. This benefit is not free, 
however. As we ask for more boost (by increasing the sepa- 
ration between fl and f2) we demand more gain-bandwidth 
of the amplifier. 
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DESIGN EXAMPLE 


An 8V, 8A Output Derived from a 12V Output — 

20 KHz Push-Pull Converter 

This example uses the UC1838 to control a full-wave mag 
amp output regulator, with independent shutdown current 
limiting. Capsule specifications are as follows: 

INPUT: PWM quasi-square wave which, without the 
magamp, produces 12 Vdc. 

OUTPUT: 8.0 Vdc +1% at load currents from | to 8A. 
OUTPUT RIPPLE: Less than 50 mV p-p. 

TRANSIENT RESPONSE: For load changes of 6 to 8 and 
8 to 6A, peak excursion of the output shall be less than +2% 
and settle to within 1% of the final value within S00 pS. 
OUTPUT PROTECTION: The 8V output shall have 
independent current limiting, so as not to shut down the 
12V output when the 8V output is overloaded or short- 
circuited. It shall recover from the overload automatically 
when the overload is removed. 


Figure 17 shows the proposed circuit approach. A current 
transformer has been used to sense the overload, simply to 
illustrate this approach. A simple series resistor of perhaps 
.01 or .02 ohms would do as well here, but the current trans- 
former is preferred for high-current outputs. 

L = 70nH @ 8A 


R4 
Sue f==7 O12 —— Vout 
0 


> 8V@ 8A 
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Figure 17. Control and current limiting for a 8V, 8 amp, 
20 KHz push-pull converter. 


DESIGN APPROACH 


With the input waveform already set by the converter 
design, and the above specifications to define the desired 
output, the new output circuit will be approached as 
follows: 

1. Draw the preliminary schematic. 

2. Design the mag amp. 

3. Design the feedback loop. 

4. Design the current limiter. 

5. Build the breadboard and test it. 


PRELIMINARY SCHEMATIC 
Figure 17 shows the preliminary circuit diagram. Parasitic 


resistance of the output filter inductor and capacitor (R4 
and R5) are shown, along with the expected feedback com- 
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pensation elements (R1, R2, R3, Cl, C2, and C3). These will 
be referenced in the mag amp design. 


MAG AMP DESIGN 


The information necessary to the design is as follows: 
1. Input pulse: nominally 32V x 9 »S, = 288 
volt-microseconds. 
2. Duty ratio of the ‘‘off’’ time: nominally (25 - 9 yS)/ 
25 pS = .76, since the frequency at the output is 40 KHz. 
. Output current: 8A. 
. Regulation only, or complete shutdown required? 
Shutdown. 


& UW 


Comments on the output filter 


Design of the output filter is not complicated by the 
presence of the mag amp. In this case, it was designed with 
output ripple specs, and capacitor ripple current in mind. 
Although this design has adequate inductance for contin- 
uous conduction of the inductor at minimum load, this is 
not mandatory. The mag amp, when designed for shutdown, 
is capable of regulating the output in the discontinuous 
conduction mode. 


Mag amp core selection 


1. Wire size: The current waveform in the magamp can be 
- analyzed as follows: During the power pulse, the current 

is approximately 8A (inaccurate only due to the ‘‘tilt’’ of 
the top of the current pulse); the duty ratio of this pulse 
is half the ratio of the output voltage to the pulse height, 
or .5 x 8/30 = .12. During the dead time between 
pulses, the inductor current is shared by the rectifier 
diodes and the ‘‘catch’’ diode. The duty ratio is 
1-2 x .12 = .76, and the current during this interval is 
8/3A. During the remaining interval the current is zero, 
because the entire 8A is flowing in the other mag amp. 


The rms value of the current can now be computed: 
Irms = V8? X .12 + (8/3)? X .76 = 3.62 A. 


At 400 Amp/cm’, a wire area of approx. .0091 cm? is 
required. 16 gauge wire has an area of .0131 and is chosen 
for the mag amp. , 

2. Core selection: An appropriate material at this frequency 
is square-loop 80% nickel (Square Permalloy 80 or eq.) 
with a tape thickness of 1 mil. The saturation flux 
density if this material is 7000 gauss. A fill factor of 0.2 is 
chosen for the winding. The required area product is: 
AwAe = AX X A x 10* _ .0131 x 288 x 10% x 10° _ 135 ops 

AB x K 2 x 7000 x 0.2 
which can be divided by 5.07 x 10-6 cm?/C.M. in order 
to refer to core manufacturer’s tables. . 
An appropriate core is the Magnetics 52002-10, which 
(with 1 mil tape thickness) has an area product of .026 x 
10° C.M. cm’. The core area of this core is 0.076 cm’. 

3. Determine the number of turns: The mag amp must be 
able to withstand the entire area of the input pulse, which 
is 288 volt-microseconds. 

N = A x 108 — 288 x 10° x 10° ~ 97 turns. 
2x Bm x Ac 2 x 7000 x .076 

Allowing an extra 20% for variations in Bm, pulse 

dimensions, etc., the winding is chosen to be 33 turns. 
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FEEDBACK LOOP DESIGN 


The key steps in the design of the feedback loop 

are as follows: 

1. Determine the modulator’s dc transfer function. 

2. Plot the transfer function of the modulator and filter, 
to determine the gain and phase boost required of the 
feedback amplifier. 

3. Design the feedback amplifier. 

4. Plot the results in the form of the closed-loop 
transfer function. 


Plotting the modulator’s transfer function can be easily 
done experimentally with the UC1838 by opening the feed- 
back loop at the input to the Reset Driver and driving this 
point (pin 15 or 16) directly. For interest, the reset current is 
also measured with the help of a 1 ohm resistor placed in 
series with the emitter of the reset transistor (pin 11 of the 
UC1838). The results are shown in Figure 18, with load 
resistors of 1 ohm and 10 ohms. 


RESET DRIVER — PIN 15 





REGULATOR Vout 


Figure 18. DC gain of the mag amp modulator. 


Note that the results are practically the same at both load 
values. This is to be expected, since the output inductor is 
still in the continuous conduction mode at the minimum 
load. 


In the region of the desired output (8V and 8A load), the 
modulator dc gain is approximately 12.5, or 22 dB. In 
addition to the phase shift of the filter, the modulator con- 
tributes additional phase lag! Assuming that we will not. 
attempt to cross unity-gain at a frequency above one-tenth 
the switching frequency, we can neglect the phase lag due 
to the impedance of the core and the reset circuit. But 

we cannot neglect the phase lag resulting from the delay 
between the time of resetting the core and the time when 
the core. delivers its output: 


Om = 2D © , where 
Ws 
@m = Modulator phase shift 
D_ = Duty ratio of the ‘‘off’’ time (.76 in this example) 
ws = 2D fa, where fa = the switching frequency (40 KHz) 


We can use any one of the common circuit analysis pro- 
grams for analyzing the filter-modulator, neglecting the 
modulator phase lag when running the program, and then 
adding it later. Or, the lag may be included in a more sophis- 
ticated analysis program. The resultant response prediction 
is shown in Figure 19. 
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Figure 19. Calculated response plot for the modulator 
and filter. 


Note the shape of the phase response. In the region of 

2 KHz the phase lag is decreasing, due to the ESR of the 
output capacitor. Above 6 KHz the modulator’s phase lag 
becomes important, and the phase lag increases. 


Choosing one-tenth the switching frequency for the unity- 
gain crossover frequency (4 KHz), we can determine the 
desired gain and phase boost of the feedback amplifier. At 

4 KHz, the gain of the modulator is -15 dB (a factor of .179) 
and the phase shift is -135 degrees. It is generally recom- 
mended that there be at least 60 degrees of phase margin at 
the crossover frequency. This will require reduction of the 
phase lag to -120 degrees. 


In accordance with the design procedure of Venable’, the 
required boost is: 

Bc = M - P - 90, where 

M = desired phase margin, and P = filter & modulator 
phase shift. 

In this case, Bc = 60 - (-135) -90 = 105 degrees. This is 
comfortably within the theoretical limit of 180 degrees, 
inherent in the amplifier configuration shown in Figure 17. 
The gain required at the crossover frequency is the reciprocal 
of the modulator’s gain, or +15dB = a gain of 5.6. 


Continuing with the procedure, we can now compute the 
amplifier components: _ 


8.65 


K = (Tan[(Bc/4) + 45]? = 

C2 = 1/(27f GRI) = 00071 pF 
Cl = C2({K-1) = .0055 pF 
R2 = VK/Q2 rf Cl) = 21,485 ohms 
R3 = RI/(KK- 1) = 1,302 ohms 
C3 = 1/2 afvV K R3) = .01 pF 


where f = crossover frequency in Hz, G = amplifier gain at 
crossover (expressed as a ratio, not as dB), and K is a factor 
which describes the required separation of double poles and 
zeroes to accomplish the desired phase boost. These 
frequencies are: 


fl = f/V K (double zero), and f2 = fV K (double pole), 


In this example, f1 = 1361 Hz and f2 = 11.76 KHz. With 
this information at hand, it is wise to check the gain-band- 
width required of the feedback amplifier to see that the 
circuit’s needs can be met with one of the amplifers in the 
UC1838. Knowing that the amplifier rolloff is 20 dB per 
decade, we can simply calculate the required gain-bandwidth 
at f2 and see that it is well below the gain-bandwidth of 

the amplifier. . 
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The gain at f2 is: 

Gf, = V KG, and hence the required gain-bandwidth is: 
GBW = V KG f2 = K Gf, where Gis the desired gain at 
crossover. 


In this example, GBW = 8.65 x 5.6 x 4000 = 194 KHz. 
This is comfortably below the gain-bandwidth of the 
amplifier, which is 800 KHz. 


For interest, the response of the amplifier is plotted in 
Figure 20. Note that the gain reaches a minimum at 1.3 
KHz, and that the phase boost peaks at 4 KHz, as intended. 


MAGNITUDE, dB 
PHASE, DEGREES 





100 1000 10K 
FREQUENCY, Hz 


Figure 20. Compensated amplifier response. 


Figure 21 shows the overall response, combining the 
filter-modulator’s response with that of the feedback 
amplifier. Note the 60 degrees of phase margin at the 
crossover frequency. 


FREQUENCY, dB 
PHASE, DEGREES 





100 1000 10K 
FREQUENCY, Hz 


Figure 21. Total loop response with 60 degrees of phase 
margin at crossover. 


CURRENT LIMITER DESIGN 


Although a series sensing resistor might have been accept- 
able at this level of output current, a current transformer, 
T1 in Figure 17, has been used for the sake of interest. The 
secondary has 100 turns, and each primary winding is 
simply one pass through the toroid. 


The amplifier performs as an integrator rather than as 

a comparator, the form found in many primary current 
limiters of switched-mode controllers. This is not an arbi- 
trary choice. Since the current pulse occurs during the time 
that the core is obviously not being reset, the circuit must 
have ‘‘memory’’ — it must apply a shutdown command to 
the reset transistor during the next reset interval. Although 
many sophisticated schemes can be devised, the integrator 
is attractive because of its simplicity. 
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A diode is placed across the input resistor of the integrator, | Control loop transient response 
to force its output down quickly when receiving the narrow To test the response of the regulator to step changes in load, 
pulses which occur when the circuit is in current limit. The an electronic load was square-wave modulated at 500 Hz, 
circuit of this example was developed experimentally. A between the values of 6A and 8A. The results are shown in 
future goal is to explore this in detail and develop a more Figure 24. The upper trace is the regulator’s output voltage, 
rigorous approach. The aa nalia ie of this circuit is showing peak excursions of less than 50 mV, and recovery 
illustrated with waveform photos later in the paper. time of .5 ms. The lower trace is the reset current, measured 
with a current probe at the collector of the reset transistor in 
BREADBOARD TEST RESULTS theIC. ° P 


Figure 22 shows the waveform. of the input voltage which 

is applied to the mag amp core, and the current of the two 
mag amps combined (by placing a current probe on the 
return leg of the secondary of the converter’s transformer). 
The lower two traces are expanded versions of the top ones, 
and one can see clearly the effect of the transformer’s leak- 
age inductance: the voltage pulse has a ‘‘dent’’ in it during 
the rise of the current in the mag amp. 





~ Output transient response 6-8A AILOAD 
Top: Output voltage, 50mV x .5 ms/div. 
Bot: Reset current, 20mA x .5 ms/div. © 
(Measured at collector of UC1838 transistor) 


Figure 24. Dynamic regulator response to step change in 
load between 6 and 8 amps. 


Response of the current limiter _ 


To illustrate the dynamic operation of the ianiiee the 
current limit was set at 7A, and then the electronic load was 
modulated between 5.7A and 8.7A at a rate of approximately 





1. Secondary voltage, SOV, 5 us/div. 
2. Current in return (center tap) of secondary. 5A, 5 ps/div. 


dz Secondary voles SON, tae7dty. ; 25 Hz. Figure 25 shows the output voltage in the top trace. _ 
4. Current in return (center tap) of secondary. 5A, 5 ps/div. The lower trace is the current in the output inductor. Note 
Figure 22. Input voltage and current to the mag amp. that the output voltage is well-behaved and that there i is no 


as overshoot of the inductor current. 
Also note the ‘‘backswing’’ at the end of each voltage pulse. 
This is the discharge of the energy stored in the saturated 
inductance of the mag amp core. Finally, note the rate of 
rise of the current pulse, which is determined by the satu- 
rated inductance of the mag amp, in series with the leakage 
inductance of the transformer. 


Figure 23 illustrates the operation of the mag amp in more 
detail. The upper trace is the input voltage of the mag amp, 
and the lower trace is its output. The reset volt-second prod- 
uct is the difference between the negative pulses of the two 
traces. The shape of the negative pulse in the lower trace is 
due to the changing impedance of the mag amp core during 
reset. 





Top: VouT, 2V xX 20 ms/div. . 
Bot: Inductor current, 2A x 20 ms/div. 


Figure 25. Response of current limiter with‘load switched © 
between 5.7 and 8.5A; with current limit set at 7.5A. 


Finally, Figure 26 shows the operation of the current-limit- 
ing amplifier. The upper trace is the inductor current, and 
the lower trace is the output voltage of the current-detecting 
amplifier. Note the output waveform of the amplifier. 
Although the amplifier performs as an integrator, it slews 
fast enough to keep up with the rate of rise of the inductor 
current, thus adequately proteus the converter and output 
rectifiers. . 





Top: Secondary voltage (into mag amp), 20V x 5 ps/div. 
Bot: Vout of mag amp, 20V x 5 ps/div. 


Figure 23. Mag amp operation. 
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Top: Inductor current, 2A x .1 ms/div. 
Bot: Vour of C.L. amp (pin 1), 2V x .1 ms/div. 


Figure 26. Response time of current limit amplifier. 


APPLICATIONS AT HIGHER 
SWITCHING FREQUENCIES 


As mag amp output regulators are applied at higher and 
higher switching frequencies, the second-order effects, of 
course, become more significant.> Leakage inductance of the 
transformer and saturated inductance of the mag amp rob 
the circuit of its control range, since these produce addi- 
tional dead time at the leading edge of the output pulse. 
Even without the mag amp output regulator, this can be 

a problem in high-frequency switched-mode converters. 


Diode storage time has the same result. If the output side of 
the mag amp ‘“‘sticks’’ at ground (during reverse recovery of 
the rectifier) while its input voltage swings negative, some 
unwanted reset will be applied to the mag amp. There are 
techniques to deal with this problem, by providing a shunt 
recovery path around the mag amp to remove the stored 
charge in the diode.* 


The control circuit of the mag amp regulator is not involved 
in the cycle-by-cycle operation of the circuit; hence, the 
control IC is not a major barrier to raising the operating 
frequency. It does affect the situation in an indirect way, 
however. Its gain-bandwidth may limit the speed of transient 
response such that the loop crossover frequency cannot be 
raised in proportion to the switching frequency. In most 
applications this will not be objectionable. If it is, an out- 
board op amp can provide the additional gain-bandwidth. If 
the regulator is not required to have its own current limiter, 
then the second amplifier can be used in cascade with the 
first, to provide additional gain-bandwidth. 


The integration of the circuit blocks required to implement 
mag amp output regulators is an important contribution. It 
is especially beneficial to have the reset transistor included, 
as this can even eliminate a small heat sink. Finally, it is 
helpful not only in the design process but also in production 
to have a single component which encompasses all of the 
active control functions. As more and more designers are 
working with the same component, the development of the 
technology will be more focused, and this will be universally 
beneficial. 


Unitrode Integrated Circuits Corporation 
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Abstract 

This application note highlights the development 
of a 1.5 megahertz current mode IC controlled, 
50 watt power supply. Push-pull topology is 


utilized for this DC to DC converter application of 


+48 volts inout to +5 volts at 10 amps output. 
The beneficial increase in switching speed and 
dynamic performance is made possible by a new 
pulse width modulator, the Unitrode UC3825. 
Reductions in magnetic component sizes are 
realized and the selections of core geometry, fer- 
rite material and flux density are discussed. The 
effects of power losses throughout the circuit on 
overall efficiency are also analyzed. 


Introduction | 

The switching frequencies of power supplies 
have been steadily increasing since the advent of 
cost effective MOSFETS, used to replace the con- 
ventional bipolar devices. While the transition time 
in going from twenty to hundreds of kilohertz has 
been brief, few designers have ventured into, or 
beyond, the one megahertz benchmark. Until 
recently, those who have, had utilized discrete 
pulse width modulation designs due to the 
absence of an integrated circuit truely built for 
high speed. The 1.5 MHZ power supply shown 
schematically in figure 1 was designed to exem- 
plify high frequency power conversion under the 
supervision of such an IC controller, the UC3825! 


Figure 1. Schematic Diagram 


+ Vin 
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06qF A 
4 i 
TP'W 
my veW \4 oo 


are s 
R24 
wepeeoe 512 1W 


bie 50V . 
2 ba Seac | is TPX 


9-122 


VouT 


APPLICATION NOTE U-110 


ll. POWER SUPPLY SPECIFICATIONS A basic current mode controlled, mosfet switched 


push-pull converter is shown in figure 2. Transistor 
al cena oa wee Q1 is turned on by a drive pulse from the PWM, 


causing primary current |p to flow through the 


Output Power: 31 Watts Max. transformer primary, mosfet Q1 and sense resistor 
Output Voltage: 5.1 VDC Nom. Rs. Simultaneously, diode D1 conducts current Ip 
Output Current: 2-10 ADC X Np/Ns in the secondary, storing energy in in- 
Line Regulation: 5 MV Sts and delivering poe ae sed ay 
bc en Q1 receives a turn-off pulse from the 
Poae Hegualon: aie it halts the current flow in the primary. Secondary 
Output Ripple: 100 MV Typ. current continues due to the filter inductor L1. 
Efficiency: 75% Typ. Diodes D1 and D2 each conduct one-half the DC 
output current during these converter “off” times. 
Hl. OPERATING PRINCIPLES This entire process is repeated on alternate 
Power can efficiently be converted using any of cycles, as Q2 next is toggled on and off. The basic 
several standard topologies. Design tradeoffs of waveforms are shown in figure 3 for reference. 


cost, size and performance will generally narrow 
the field to one that is most appropriate. For this 


demonstration application, the center-tapped | | | \ 

push-pull configuration has been selected. Ves (a1) @ |--_— aoe 

Current mode control provides numerous advan- Ig (at) @ A -——____, ,—— 
tages over conventional duty cycle control, and 

has been implemented as the regulation method. 

In review, the error amplifier output (outer control Watae [| | [| 
Ig (Q2) @ —__ ,———_ 


loop) defines the level at which the primary current 





Figure 2. Basic Diagram — Push-Pull Converter Using 
Current Mode Control 





(inner loop) will regulate the pulse width, and out- lo — <a cane Net 
put voltage. Pulse-by-pulse symmetry correction Ise 
(flux balancing) is inherent to current mode con- 
trollers, and essential for the push-pull topology 
to prevent core saturation. Figure 3. Basic Push-Pull Waveforms 
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IV. DESIGN CONSIDERATIONS 


Auxiliary Supply Voltage 

The 9.2 volt minimum requirement of the UC3825 
and 20 volt gate-source maximum of the mosfets 
imply an approximate 10 thru 18 volt range of 
inputs. The 10 volt value was selected to supply 
both Vcc and Vc (totem pole outputs) while keep- 
ing power dissipation in the IC low. The circuit 
used is a simple resistor-zener dissipative network 
with ample bypassing capacitors located near the 
IC to reduce noise. 


Oscillator Frequency | 
The oscillator frequency selected is 1.5 MHz, 
resulting in a 670 nanosecond period. From the 
UC3825 data sheet, oscillator frequency versus 
Rt, Ct, and deadtime curves: 
Fo = 15 mHz; T period = 670 ns 
C; = 470 pF 
Ri = 15K 
Therefore; T (on) = 570 ns (max) 

T (off) = 100 ns (min) 


SUTY CVCLedmace- OU me 2 SOUS = gay, 
T (period) 670ns 


NOTE: These times will determine the mosfet device 
selection and transformer turns ratio. 


Preliminary Considerations 

Prior to designing the main transformer, several 
parameters need to be defined and determined. 
Standard design procedures are used for this 
“first cut” approximation. 


Input Power 


Input power, P (in) = Output power, P (out) 


Efficiency, n 
Letn = 75% for a5 v, single output power supply. 
P (in) = Siveida _ = 51 watts _ 68 watts 
0.75 0.75 


Primary Current 
The primary current can be approximated using 
the low-line constraints of 42 volts DC input: 


Primary Current (dc) = nput Rewer y tn} - 20 wal = 162A 


Input voltage V (in) 42 volts 
The primary current during the transistor on time is: 
| (dc) 162A 
1(p) = —~—- = ——— = 19 amps, or approx. 2A 
iP) d (max) 0.85 . - 


The RMS primary current is: 


Ip (rms) = Ip duty = 1.24A (rms) 
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Sense Resistor R (s) 
Primary current is sensed and controlled i In acur- 
rent mode controller by first developing a voltage 
proportional to the primary current, used as an 
input to UC3825. This is accomplished by sense 
resistor R (s) with a calculated value of the | limit — 
threshold value divided by the primary current at 
the desired current limit point, typically 120% 
| (max). 

V th (pin 9) 1 volt 


R (s) < ———————_ = ——_—_ 
120% «l(pri)  1.2¢2 amps 


= 0.42 ohm 


Mosfet DC Losses 

A high quality mosfet is used to keep both DC and 
switching losses low, with an R (ds) on max of 0.8 
ohms. Calculation of the voltage drops across the 
device are required for the transformer design. 


V ds (on) = Rds (max) «| (p) = 08«2 = 16Vv 
During an overload; V ds (max) = 08 «21.20 = 192 v(2v) 


P dc = | dc? Rds max « duty 
= 22 ¢08 - 085/2 = 1.35 watts 


Selection of Core Material 

Few manufacturers provide core loss curves for 
frequencies above 500 khz. To minimize power 
dissipation in the core, the flux density must be 
drastically reduced in comparison to the 20 -150 
khz. versions. Typical operation is at a total flux 
density swing, delta B, of 0.030 Tesla (300 Gauss) 
while approaching the 1 megahertz region. TDK’s 
H7C4 material was selected for it’s low loss, high 
frequency characteristics. 


Main Transformer Design 

The first step in transformer design is to determine 
the preliminary turns ratio. Once obtained, the 
minimum cross-sectional area core (Ae) can be 
calculated, and core selection made possible. 


Calculation of Transformer 
Voltages and Turns Ratio 
V pri (min) = V in (min) - V xtor (max) — V (Rs) max 
Vp(min) = 42v-20v-1v 
= 39.0 v 
V sec (min) = V out (max) + V diode (max) 
+ V choke (dc) + V (losses) 
V sec (min) = 5.1 + 065 + 0.1 + 0.05 (est) = 59 v 


Tithe ano = V pri (min) Duty (max) _ 39.0 + 0.85 = 564 


V sec (min) 5.9 
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The secondary is designed for excellent coupling 
using copper foil, and the primary has been 
rounded to the nearest lower turns. 


Turns ratio: N = N pri/N sec = 5:1 


The actual number of both primary and secon- 
dary turns will be determined by the ferrite core 
characteristics as a function of operating fre- 
quency and Gauss level. 


Minimum Core Size 

The minimum cross-sectional area core that can 
be used Is calculated with the following equation 
for core loss limited applications. 


V (pri) min « Duty (max) « 104 


Ac (min) = 
2 ¢ Freq. ¢ N (p) ¢ AB (Tesla) 


(cm?) 


At first it would seem that the core area required 
for this 1. MHZ switcher would be ten times 
smaller than that of a 150 KHZ version. This would 
be true if the flux density, number of turns and 
core losses remained constant. However, losses 
are a function of both frequency and frequency 
squared? and as it increases, the flux density 
swing (AB) must be drastically reduced to provide 
a similar core loss, hence temperature rise. In this 
example, an acceptable figure was selected of 
one percent of the total output power, or one-half 
watt. Empirically, this translates to a temperature 
rise of 25°C, at 325 Gauss (0.0325 Tesla) for cores 
with a cross-sectional area of 0.70 sq. cm, a ball- 
park estimate of the true core size. 


This formula can be rewritten as: 
V pri e D max e 104 
2eFeAB 

This is a more convenient formula because the 
right hand side of the equation contains all con- 
stants. Input voltage, frequency of operation and 
flux density have already been determined. The 
selection of core size (cross-sectional area) is 
inversely proportional to the number of primary 
turns, and vice-versa. Based on the five-to-one 


Ac «Np = 


turns ratio, an original assumption of five turns for. 


the primary would result in alarge core size for this 
50 watt application. Alternatively, a ten turn pri- 
mary is used to minimize core size. 


Substituting previous values for high line opera- 
tion at 0.0325 Tesla (825 Gauss) and a magnetic 
operating frequency of 750 kHz: 


e e 4 
Asia 39 +085 + 10 


ee IRS Orie 
2 « 750,000 « 10 « 0.0325 
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Core Loss Limited Conditions 

As the switching frequencies are increased, gen- 
erally a reduction of core size or minimum number 
of turns is realized. This Is true, however, but only 
to the point at which the increasing core losses 
prevent a further reduction of either size or mini- 
mum turns. This crossover point occurs at differ- 
ent frequencies for each individual ferrite material 
based upon their losses and acceptable circuit 
losses, or temperature rise 


Core Geometry Selection 

A variety of standard core shapes are available in 
the cross-sectional area range of 0.62 to 0.84 cm2. 
Considerations of safety agency spacing require- 
ments, physical dimensions, window area and rel- 
ative cost of assembly must be evaluated. 


AC Weight 
Core Style -Description (cm2) (g) 
PQ PQ 20/20 0.62 15 
POT CORE P 22/13 0:63 13 
LP LP 22/13 0.68 21 
TOROID T 28/13 0.76 26 
EE EE 35/28 0.78 28 


The LP 22/13 style was selected to easily termi- 
nate (breakout) the high current output windings. 
For a given cross-sectional area, it occupies less 
PC board space, and has good shielding charac- 
teristics. 


Wire Size Selection 

The single, most difficult task in high frequency 
magnetic design is to minimize the eddy current 
losses, or skin effects while optimizing wire sizes. 
Penetration depth refers to the thickness (or 
depth) into a copper conductor in which a wave 
will penetrate for a specific frequency. For copper 
at 100°C: 

d pen = 7.5/ (frequency®*) (cm) 


At 750 kHz, this corresponds to 8.66 « 10% cm, or 
about the thickness of an AWG #39 wire. Larger 
size wire can be used, however the AC current 
flows only inthe depth penetrated at the switching 
frequency. Consult the UNITRODE DESIGN 
SEMINAR SEM-400 book, appendix M2 for 
additional information on this subject. 
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For low current windings, several strands of thin 
wire can be paralleled, or twisted together forming 
a ‘bundle’ Seven wirestwisted around each other 
closely approximate a round conductor with a net 
diameter of three times the individual wire diam- 
eter. This twisting is commonly done at 10-12 turns 
per foot, and significantly reduces parasitics 
between wires at high frequencies. 


Medium to high current windings require the use 
of Litz wire, a similar bundle of numerous conduc- 
tors. Copper foil is also an excellent choice. 


Industry practice is to operate at 450 amps (RMS) 
per centimeter squared, or 2.22 « 10-3 cm2/A. 
This applies to windings operating at an accept- 
able temperature rise. 


Area required = | rms/ 450A /cm2 
Primary area (Axp) = 1.24A/450A/cm2 = 2.75 « 10° cm2 


Calculate Secondary RMS Current. 


| ms (sec) = | sec? (duty on) + sect (2 ° duty off) 
2 
limateeay = EO ae ° 075) 
2 


| rms (sec) = 4.81A 


Secondary Area (Axs) = 4.81A / 450A /cm2 
= 1.07 - 10°? cm? 


7 STRANDS 





3 LAYERS 
Figure 4. 


For a given bundle of 7 conductors, the cross-sec- 
tional area of each conductor equals: 


Requiredarea Axp — 2.75*10° | 


=i = = 393 10°*cm2 
# conductors 


7 7 

The cross-sectional area of an AWG #36 wire is 
1.32 ¢ 10-*, therefore, three bundles of seven con- 
ductors each should be used. Two bundles were 
utilized as a compromise between practical wind- 
ing considerations and acceptable eddy current 
losses. 
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Copper foil is used for the secondary, with a 
required width slightly less than the bobbin width, 
and thickness determined by: 


Secondary area(Axs) _ 1.07 + 10°%cm 
Bobbin width 1.40 cm 


This corresponds to 0.003” thick foil, a standard 
value. In practice, slightly thicker foil (0.004” to 
0.005") may be required to minimize power losses 
in the transformer. 


= 764+10%cm 


Transformer Assembly 

Standard practice to increase coupling between 
primary and secondary Is position both as closely 
as possible to each other inside the transformer. In 
this design, the first layer wound is one primary, 
and the next layer is the corresponding secon- 
dary. This is again followed by the other secondary 
and primary. It is important to keep the secon- 
daries in close proximity since both will be con- 
ducting simultaneously twice per period. The 
primaries do not conduct in this manner, so 
coupling from primary A to primary B is notcritical, 
only primary A.to secondary C, and primary B to 
secondary D. | | 


Referring to the transformer schematic, primary A 
is wound closest to the bobbin. After insulation, 
secondaries C and D are wound bifilar and 
insulated. Primary B is wound last, then termi- 
nated so that primaries A and B are wired in series, 
likewise for secondaries C and D. 


#7 & #8 
2 BUNDLES | | 
D 
r3 ||| geo 
aT 
#3 & #4 | D2 
B C 
#5 & #6 
2 BUNDLES 2 I] ¢ pa C 
| , C2 
10T | 
HY & #2 
PRIMARY SECONDARY 


Figure 5. Transformer Schematic ~*~ 
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Figure 6. Transformer — Exploded View 


Calculation of Winding 

Resistances and Losses 

The mean length of turn for the bobbin can be 
determined from the specifications of O.D. and 
|.D., and for the BLP 22/13 a figure of 4.51 cm or 
1.77 in. was obtained. AWG #36 wire has a resis- 
tance of 1.82 « 10-2 ohms/cm at 100°C for the 
following: 


Primary resistance can be calculated: 

Rpri = 

RwireeM.LT.¢#turns — 0.0182 ¢ 4.51 « 10 
# wires 14 


= 0.0586 ohm 


Voltage drop and power loss in each half winding can be also 
calculated: 
V (R pri) = lprie Rori = 2.0 «0.58 = 0.116 volt (negligible) 
P (Rpri) = Rprie| pri2 e duty = 0.0586 « 4 « 0.425 
= 0.0996 watts 

The resistance of the secondary can be approxi- 
mated by using the wire tables, and substituting 
the foil for wire of similar cross-sectional area. In 
this exampie, AWG #16 wire is used to obtain Rsec 
= 1.58 e 10-* ohmsi/cm. 
Rsec = R foil e M.L.T. « #turns = 158+°1074+45+2 

= 0.00143 ohm 
V (Rsec) = 1.43 « 10° * 10 = 0.0143 volt (negligible) 
P (Rsec) = Rsec( (Idc2 e Don) + ( (Idc/2)2 «2 e Doff) ) 


P (Rsec) = 0.00143 ( (102 « 0.425) + (52 « 0.15) = 
0.066 watts 
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Transformer Power Losses 
The total copper losses for two windings are then: 
P cu = P(Rpri) + P(Rsec) = 2 « (0.066 + 0.0996) 

= 0.332 watts 
Estimated eddy current losses are approximately 50% of 
the copper losses. Pcu = 0.50 watts. 
Given the core material type, geometry, frequency 
and operating Gauss level, the ferrite losses can 
be calculated. From the manufacturers informa- 
tion, the typical loss coefficient for H7C4 material 
operating at a flux density swing of 0.035 Tesla 
(350 Gauss) at 750 kHz is 0.15 watts per cubic 
centimeter of core volume, which is 3.327 cm per 
LP 22/13 core set. Therefore: 


P core = 3.327 «0.15 = 0.50 watt 


The total power lost is a summation of the copper 
and ferrite losses: 


P xfmr = Pcu + Pcore = 0.50 + 0.50 = 1.00 watts 


OUTPUT SECTION 


Output Choke Calculations 

Typically, the RMS output ripple currentisless than 
15% | dc, or 1.5 amps in this case. Delta !, the peak 
to peak ripple therefore is twice the RMS, or 3 
amps. 


Vdt _ 59v(350) 10-%s _ 


: 690 nanohenries 
t di 


3.0A 
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Due to the small value of inductance required, the 
conventional approach will not be used. Instead, 
a simple RF type wound coil will be designed 
using the solenoid equation found in most refer- 
ence texts. A thick pencil will be utilized as the coil 
form with a diameter of 0.425 inches, however any 
similar item will suffice. 


The form factor, F, is a function of the form diam- 
eter divided by the length of the wound coil, or 
D/L. A few gyrations will take place before the 
exact values are obtained, however this goes 
quickly. The form factor is listed below for various 
practical values of D/L. 


Coil Dia./Length Form Factor ‘‘F”’ 


0.1 0.0025 
0.25 0.0054 
0.50 0.010 
1.0 0.0173 
2.0 0.026 
5.0 0.040 


L (wH) = Fe N2¢D (in), N = (L/F e D)"? (turns) 

For D = 0.425, D/L = 1 (approx); F = 0.0173 

N = (0690 / 0.0173 « 0.425)'? = 9.76 turns 

Rounding off to the nearest next number of turns, the actual 
inductance for 10 turns can be calculated: . 

L (uh) = 0.0173 « 102 © 0.425 = 744 nanohenries 


Inan air core inductor the permeability “u” equals 
unity, therefore the flux density B equals the 
driving function H. 


Output Capacitor 


qu lhe. lpeied. | pepe lep/e sk 
2 2 2 
C = Q/ dV where AV (output ripple) equals 0.100 volts. 


C =Ip-p/8eFedV = 3/8+15+108+010 = 25yF 


Three 1 pf caps are used in parallel. With a typical 
ripple voltage of <50 mv due to ESR, the ESR 
each (at 1.5 mHz) must be approximately 150 
millionms. The Unitrode ceramic monolithic 
capacitor series was selected for their excellent 
high frequency characteristics. 


Resonance, and its effect at these frequencies 
must be taken into account. In this case, the 
capacitor reaches resonance at 1.5 mHz, and the 
effective impedance is resistive. 
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Output Diodes 

schottky diodes were selected for their short 
reverse recovery times to minimize switching 
losses, and low forward drop for high DC effi- 
ciency. The Unitrode USD 640C is a center-tap- 
ped TO-220 type, with ample margin to safely 
accommodate 40 volt reverse transients and 10 
amp DC output currents. Also featured is a 0.65 
volt maximum drop across each diode and 1 volt 
per nanosecond switching rate. 


UC3825 PWM CONTROL SECTION 


Current Limit / Shutdown 

Pulse-by-pulse current limiting is performed by 
the UC3825 by an input of the primary current 
waveform to the IC at pin 9. The small RC network 
of R38 and C8 are used to suppress the leading 
edge glitch caused by turn-on of the mosfet and 
transformer parasitics. The inout must be below 
the 1 volt threshold or current limiting will occur. 
Once reached, an input above the threshold will 
narrow the pulse width accordingly. When this 
reaches a 1.4 volts amplitude, shutdown of the 
outputs will occur, and the UC3825 will initiate a 
soft start routine. 
Ramp | 
The UC3825 offers the flexibility of both Current 
Mode Control or conventional duty cycle control 
via the RAMP input pin. When connected to the 
timing capacitor, the UC3825 operates as a duty 
cycle control IC. Connecting the RAMP input to 
the current waveform changes the control meth- 
od to Current Mode. In this application, the ramp 
waveform is tied through a small RC filter network 
to the primary current waveform. This network is 
defined in the next section — slope compensa- 
tion. The dynamic range of this input is 1-3 volts, 
and is generally used for introducing slope com- 
pensation to the PWM. 


Slope Compensation 

Slope compensation is required to compensate 
for the peak to average differences in primary 
current as a function of pulse width. Adding a 
minimum of 50% of the reflected downslope of 
the output current waveform to the primary cur- 
rent is required. See UNITRODE APPLICATION 
NOTE U-93 and U-97 for further information. 
Empirically, 60-75% should be used to accom- 
modate circuit tolerances and increase stabilityS 
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Resistors R2 and R4 in this circuit form a voltage 
divider from the oscillator output to the RAMP 
input, superimposing the slope compensation on 
the primary current waveform. Capacitor C6 is an 
AC coupling capacitor, and allows the 1.8 volt 
swing of the oscillator to be used without adding 
offset circuitry. Capacitor C7 has a two-fold pur- 
pose. During turn on it filters the leading edge 
noise of the current waveform, and provides a 
negative going pulse across R4 to the ramp input 
at the end of each cycle. This overrides any para- 
sitic capacitance at the ramp input, (pin 7), that 
would tend to hold it above zero volts. This insures 
the proper voltage input at the beginning of the 
next cycle. 





Figure 7. 


For the purposes of determining the resistor 
values, Capacitors C4 (timing), C6 (ac coupling) 
and C7 (filtering) can be removed from the circuit 
schematic. The simplified model represented in 
figure 8 is used for the calculations. These calcula- 
tions can be applied to all Current Mode circuits 
using a similar scheme. 





Figure 8. 
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STEP 1. Calculate Inductor Downslope 
S(L) = di/dt = Vsec/L = 59V/.740 nH = 80 Alps 


STEP 2. Calculate Reflected Downslope to Primary 
S(L)’ = S(L)/N (turns ratio) = 8.0/5 = 1.6 A/pS (2) 
STEP 3. Calculate Equivalent Ramp Downslope Voltage 

V S(L)’ = S(L)' « Rsense = 16 ©0375 = 0600 Vius = (8) 
STEP 4. Calculate Oscillator Slope 

VS (osc) = d(Vosc)/T on = 18 V/570 ns = 3.15 Vins (4) 


STEP 5 Generate the Ramp Equations 
Using superposition, the circuit can be configured as: 


(1) 


SL’ R4 R2 ~— Sosc. 
RAMP 
Ve Vosc. 
Figure 9. 
V (ramp) = ~ S(L)'*R2__ VS (osc) + R4 
R2 + R4 R2 + R4 (5) 
SUBSTITUTING, 
V (ramp) = VS (L)" + VS (comp) (6) 
WHERE | 
V S (comp) _ VS(osc)*R4, VS(L)" = VS (L) + Re 
R2 + R4 R2+R4 


STEP 6. Calculate Slope Compensation 
VS (comp) = m « S(L)” (7) 


Where m equals the amount of inductor downslope to be 
introduced. In this example, letm = 75%, or 0.75. 


V S (osc) « R4 7 meV S(L)’ « R2 


R2 + R4 R2 + R4 
SOLVING FOR R2: 
RO = Rae VS(osc) _ 3.15 
VS(L)' em 0.600 «0.75 (9) 
USING CIRCUIT VALUES, 
R2 = 705+R4 


For simplicity, let R4 equal 1 K ohms and R2 there- 
fore equals 7.05 K. Using the nearest standard 
value resistor of 6.8 K, the exact amount of down- 
slope is minimally affected. Important, however, is 
that the series combination of R2 and R4 is high 
enough in resistance not to load down the oscilla- 
tor and cause frequency shifting. 
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CLOSING THE FEEDBACK LOOP 


Error Amplifier 

Compensation of the high gain error amplifier in 
the UC3825 is straight forward. There !s a sin- 
gle-pole at approximately 5 hertz. A zero will be 
introduced in the compensation network to pro- 
vide gain once the zero db threshold is crossed. 
Using Current Mode control greatly simplifies the 
compensation task as the output choke is con- 
trolled by the inner current loop, thus making the 
output section appear as a single pole response 
with a zero at the ESR frequency? 


Control to Output Gain 

The control to output gain will vary with output 
loading, and as the load is increased the gain de- 
creases. Output capacitor ESR will determine the 
frequency at which the zero occurs, thus chang- 
ing the gain asa function of ESR. To insure stability 
through all combinations of load and ESR, the 
amplifier will be compensated to cross zero db at 
approximately one-fifth of the switching frequency 
with ample phase margin. 


The output filter pole and zero occur at 
Fy = 1/2 a R (load) C (output) 
z = 1/2 rR (esr) C (output) 
CIRCUIT PARAMETERS: 
C (output) = 3 wF; ESR (each) = 0.050 min — 0.300 max 
For three capacitors in parallel, ESR = 0.016 - 0.100 chms 
R (output) = 2.5 ohms at 2 A, 0.5 ohms at 10A 
Using the above equations; 
Fp (2A) = 1/(2 ¢ 3.14 25 ¢ 3010) = 21.2 kHz 
Fp (10A) = 1/(2 ¢ 3.14 «05 « 310°) = 106.1 kHz 
Fz (high) = 1/(2 ¢ 3.14 « 0.016 + 3e10°*) = 3.315 mHz 
Fz (low) = 1/ (2 © 3.14 © 0.100 « 3010°®) = 530.5 kHz 
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GAIN . 
M (output) _ kK «Ro, where K = Pat Nels _ 28 _ 11.76 
V (control) V (control) 085 


Therefore, at 2 amps and 10 amps, 
VolVco = Kero = 11.76 «2.5 = 29.4 db (2A) 
VolVc = Kero + 11.76 «0.5 = 15.4 db (10A) 


Error Amplifier Compensation 

The control to output gain can be plotted along 
with the desired zero db crossing point and an 
estimate of the error amplifier required compen- 
sation network can be made. The amp compen- 
sation should have a zero at approximately 100 
kHz, and again of -16 db at this frequency. Resis- 
tor R9 has been selected to be 3.3 k ohms based 
onthe output drive capability of the UC3825 amp. 
Complete specifications are contained in the 
UC3825 data sheet. 

F zero (amp) = 1/(2¢aeR9Qe C12) 

therefore, C12 = 1/(2¢ m7 eR9eF zero) 

C12 = 1/(2 «3.14 » 3300 « 100.000) = 480 pF (use 560 pF) 
R10/R9 = approx -16 db (0.16), 

R10 = R9/ gain = 33 K/0.16 = 204 K (use 20 K) 

This compensated response can now be plotted, 
along with the control to output gain and the over- 
all power supply response is a summation of the 
two Curves, as seen in figures 11 and 12. Low fre- 
quency gains of 100 db at full load, and 115 db at 
light load are obtained, with a zero db crossing at 
approx. 100 kHz for both. Phase margin is gener- 
ous with approx. 90 degrees for both light and 45 
degrees at full load. 


GAIN AND PHASE RESPONSE 
UC3825 DEMO KIT 


LIGHT 


GAIN - LIGHT LOAD 





10° 10! 102 103 104 105 106 107 
FREQUENCY (HZ) 


Figure 11. 


FULL 


GAIN - FULL LOAD 


GAIN (DB) 





109 10! 102 103 108 105 108 107 
FREQUENCY (HZ) 


Figure 12. 
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LIST OF MATERIALS 
REFERENCE DESCRIPTION 


Capacitors 
C1,2 

C3, 5 

C4 

C6 

C7 

C8 

C9-11, 17-19 
Ci2 

C13, 14 
C15, 16 


Diodes 
CR1 

CR2, 3 
CR4, 5 
CR6, 7 


4.7 uF, 63 VDC Electrolytic 
0.1 pF, 50 VDC Monolithic 
470 pF, VDC Monolithic 
0.01 pF, 50 VDC Monolithic 
120 pF, 50 VDC Monolithic 
15 pF, 50 VDC Monolithic 
1 pF, 50 VDC Monolithic 
560 pF, 50 VDC Monolithic 
150 pF, 150 VDC Ceramic 
5000 pF, 50 VDC Ceramic 


1N4465 10 V, 1.5 Watt Zener 
USD1140 40 V, 1 Amp Schottky 
UES1105 150 V, 2.5 Amp Ultrafast 
USD640C 40 V, 12 Amp Schottky 


Integrated Circuits 


U1 


Transistors 
Q1, 2 


Resistors 
R1 

R2 

R3, 4, 14, 15 
R5-8 

R9 

R10 

R11, 12 
R13 
R16-19 
R20-23 
R24 


Magnetics 
L1 
T1 


UC3825 


UFN633 


1.5 K, 1/2 W, 1% 
6.8 K, 1/2 W, 5% 
1K, 1/2 W, 5% 
1.5 R, 1 W, 5% 
3.3 K, 1/2 W, 5% 
20 K, 1/2 W, 5% 
6.2 R, 1/2 W, 5% 
500 R, 5 W, 10% 
200 R, 1/2 W, 5% 
24R, 1/2 W, 5% 
51 R, 1 W, 5% 


740 nH Wound Coil 


Unitrode High Speed PWM 


150 V, 8A Mosfet 


AIE Magnetics Custom Transformer, 


5:1 Turns Ratio 


Miscellaneous 
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V (In) Vout Vout Vout Load Reg. 
Vv (2A) (5A) (10A) MV 
42 5.110 5.102 5.093 17 
48 5.108 5.101 5.092 16 
56 5.108 5.102 5.089 19 
Line 2mv 1 mv 4mv 


Dynamic Performance 

The power supply was pulse loaded from 5 amps 
to 10 amps at a frequency of 100 kilohertz. 
Recovery to within 50 mv was less than 2 micro- 
seconds with a total excursion of less than 200 
millivolts. High speed FETS were used to switch 
the load current with typical rise/fall times of 50 
nanoseconds. 


Short Circuit 
The short circuit input current is approximately 
0.75 amps, or-an input power of 36 watts. 


Circuit Power Losses 


The total circuit losses are approumaied: using 





both the calculated and measured losses 
throughout the power supply. 

Power Losses 

Current Sense Circuit 1.2W 
Output Diodes 9.8 W 
Switching Transistors 3.2 W 
Dropping Resistor 3.0 W 
Snubber Networks 1.0W 
Transformer Losses 1.0W 
Auxiliary Supply 0.8 W 
Miscellaneous 0.2 W 
TOTAL LOSSES 20.2 W 


lf a bootstrapped technique is utilized in the 
auxiliary supply to the IC and drive circuitry, the 
dropping resistor losses of three watts can be 
reduced to 0.1 watts in the bootstrap circuitry. In 





H1 Heatsink—Mosfets (AAALL #5786B) addition, the lossy resistive current sensing net- 
H2 Heatsink—Diodes (AAALL #5299B) work can be replaced by a small current trans- 
be former, lowering the losses by a half-watt. Overall 
EMiciency Measurements efficiency would then increase to 75%, fairly high 
V (In) I (In) P(in) P(Loss) Efficiency for a five volt output application. Noteworthy is 
42 1.707 AT 20.2 71.8% that the switching losses at this high of frequency 
a sic ge A Lg A ae can be minimized, and have little overall effect 

56 1.331 73.2 21.7 70.4% 


on circuit efficiency. 
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Summary 

The demands of higher power densities will 
undoubtedly throttle many switch-mode power 
supply designs into and beyond the megahertz 
region in the near future. Designers will be facing 
the challenges of selecting switching devices, 
magnetic materials and IC controllers built exclu- 
sively for high efficiency at these frequencies. The 
thrust from contemporary hundreds of kilohertz 
designs to megahertz versions Is rapidly making 
progress. This 1.5 MHZ current mode push-pull is 
an example of what can successfully be accom- 
plished with existing high speed components and 
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PRACTICAL CONSIDERATIONS IN — 
CURRENT MODE POWER SUPPLIES 


Introduction 
This detailed section contains an in-depth explanation of 
the numerous PWM functions, and how to maximize their 


usefulness. It covers a multitude of practical circuit design - 


considerations, such as slope compensation, gate drive 
circuitry, external control functions, synchronization, and 
paralleling current mode controlled modules. Circuit dia- 
grams and simplified equations for the above items of inter- 
est are included. Familiarity with these topics will simplify 
the design and debugging process, and will save a great 
deal of time for the power supply design engineer. 


1. SLOPE COMPENSATION 

Current mode control regulates the PEAK inductor current 
via the ‘inner’ or current control loop. In acontinuous mode 
(buck) converter, however, the output current is the AVER- 
AGE inductor current, composed of both an AC and DC 
component. 


While in regulation, the power supply output voltage and 


inductance are constant. Therefore, Vout/Lsec and | 


dl/dT, the secondary ripple current, is also constant. In a 
constant volt-second system, dT varies as a function of 
Vin, the basis of pulse width modulation. The AC ripple 
current component, dl, varies also as a function of dT in 
accordance with the constant Vout Lsec. 


Average Current 

At high values of Vin, the AC current In both the primary 
and the secondary is at its maximum. This is represented 
graphically by duty cycle D1, the corresponding average 
current 1, and the ripple current d(I1). As Vin decreases to 
its minimum at duty cycle, the ripple current also is at its 
minimum amplitude. This occurs at duty cycle D2 of aver- 
age current |2 and ripple current d(I2). Regulating the 
peak primary current (current mode control) will produce 
different AVERAGE output currents 11, and |2 for duty 
cycles D1 and D2. The average current INCREASES with 
duty cycle when the peak current is compared to a fixed 
error voltage. 


Ve. 





: 
Figure 1. Average Current Error 


Constant Output Current 

To maintain a constant AVERAGE current, independent of 
duty cycle, acompensating ramp is required. Lowering the 
error voltage precisely as a function of Ton will terminate 
the pulse width sooner. This narrows the duty cycle cre- 
ating a CONSTANT output current independent of Ton, or 
Vin. This ramp simply compensates for the peak to aver- 
age current differences as a function of duty cycle. Output 
currents |1 and |2 are now identical for duty cycles D1 and 
D2. 


Ve 





Figure 2. Constant Average Current 


Determining the Ramp Slope 

Mathematically, the slope of this compensating ramp must 
be equal to one-half (50%) the downslope of the output 
inductor as seen from the control side of the circuit. This is 
proven in detail in “Modelling, Analysis and Compensating 
of the Current Mode Controller,’ (Unitrode publication U-97 
and its references). Empirically, slightly higher values of 
slope compensation (75%) can be used where the AC 
componentis small in comparison to the DC pedestal, typi- 
cal of a continuous converter. 


Circuit Implementation 


In acurrent mode control PWM IC, the error voltage is gen- 
erated at the output of the error amplifier and compared to 
the primary current at the PWM comparator. At this node, 
subtracting the compensating ramp from the error voltage, 
or adding it to the primary current sense input will have the 
same effect: to decrease the pulse width as a function of 
duty cycle (time). It is more convenient to add the slope 
compensating ramp to the current input. A portion of the 
oscillator waveform available at the timing capacitor (Cr) 
will be resistively summed with the primary current. This is 
entered to the PWM comparator at the current sense input. 
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Parameters Required for 

Slope Compensation Calculations 

Slope compensation can be calculated after specific 
parameters of the circuit are defined and calculated. 


SECTION PARAMETER 


Control T on (Max) Oscillator 
AV Oscillator (PK-PK Ramp Amplitude) 
| Sense Threshold (Max) 


V Secondary (Min) 

L Output 

| AC Secondary 
(Secondary Ripple Current) 


R Sense (Current Sensing Resistor) 
M (Amount of Slope Compensation) 
N_ Turns Ratio (Np / Ns) 


Once obtained, the calculations for slope compensation 
are straightforward, using the following equations and 
diagrams. 


Output 


General 


AVosc 


PWM 





RsensE C2 
as 


Figure 3. General Circuit 


Resistors R1 and R2 form a voltage divider from the oscilla- 
tor output to the current limit input, superimposing the 
slope compensation on the primary current waveform. 
Capacitor C1 is an AC coupling capacitor, and allows the 
AC voltage swing of the oscillator to be used without add- 
ing offset circuitry. Capacitor C2 forms an R-C filter with R1 
to suppress the leading edge glitch of the primary current 
wave. The ratio of resistor R2 to R1 will determine the exact 
amount of slope compensation added. 


For purposes of determining the resistor values, capacitors 
Cr (timing), C1 (coupling), and C2 (filtering) can be 
removed from the circuit schematic. The oscillator voltage 
(Vosc) is the peak-to-peak amplitude of the sawtooth 
waveform. The simplified model is represented sche- 
matically in the following circuit. 


These calculations can be applied to all current mode con- 
verters using a similar slope compensating scheme. 
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Re 
AVosc 
Ip 
[LIMIT 
Ry 
Rs 
Figure 4. Simplified Circuit 
Step 1. Calculate the Inductor Downslope 
S(L) = di/dt = Vsec/Lsec (Amps/Second) 
Step 2. Calculate the Reflected Downslope 
to the Primary 
S(L)’ = S(L)/N (Amps/Secondq) 


Step 3. Calculate Equivalent Downslope Ramp 
V S(L)’ = S(L)’ e R sense (Volts/Second) 


Step 4. Calculate the Oscillator Charge Slope 
V S(osc) = d (Vosc)/ T on (Volts/Second) 


Step 5. Generate the Ramp Equations 
Using superposition, the circuit can be illustrated as: 


Sv R, Ro Sosc. 


AVosc 
VRAMP 


Figure 5. Superposition 


V(RAMP) = VS(L) e R2 Taso. simplifying, 
R1 + R2 Ri+R 
V(RAMP) = V S(L)” + V Sicomp) where 
V S(ComP) = V Sse) * RI and vs(Ly” = VSL)’ ° R2 


R1 + R2 R1 + R2 


Step 6. Calculate Slope Compensation 
V S(COMP) = M e S(L)” where M is the amount of 
inductor downslope to be introduced. 


Equating “S89 = MeV S(L' ¢ Re 
+ R2 R1 + R2 
, solving for 2 


R2 = R1 e_V S(Osc)_ 
V S(L) ¢M 
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Equating R1 to 1K ohm simplifies the above calculation 
and selection of capacitor C2 for filtering the leading edge 
glitch. Using the closest standard value to the calculated 
value of R2 will minimally effect the exact amount of down- 
slope introduced. It is important that R2 be high enough in 
resistance not to load down the |.C. oscillator, thus causing 
a frequency shift due to the slope compensation ramp 
to R2. 





Figure 6. Emitter Follower Circuit 


Design Example — Slope Compensation Calculations 
Circuit Description and Parameter Listing: 


Topology: Half-Bridge Converter 

Input Voltage: 85-132 VAC “Doubler Configuration” 
Output: 5 VDC/45 ADC 

Frequency: 200 KHz, T Period = 5.0 nS © 
T Deadtime: 500 ns, T on Max = 4.5 pS 
Turns Ratio: 15 / 1, (Np/Ns) 

V Primary: 90 VDC Min, 186 Max 

V Sec Min: 6 VDC 

R Sense: 0.25 Ohm 

| Sec Ac: 3.0 Amps (<10% | DC) 

L Output: 5.16 ph 


1. Calculate the Inductor Downslope on the 
Secondary Side 
S (L) = di/dt = Vsec/Lsec = 6 v/5.16 wh = 1.16 A/us 


2. Calculate the Transformed Inductor Slope to the 
Primary Side . 
S (L)’ = S(L) e Ns/Np = 1.16 ¢ 145 = 0.0775 AlpS 


3. Calculate the Transformed Slope Voltage at 
Sense Resistor 

V S(L)’ = S (L)’ e Rsense = 7.72 ¢ 10-2 © 0.250 = 

1.94010-? V/uS | 
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4. Calculate the Oscillator Slope at the Timing Capacitor 
S(osc) = dV osc/T on max = 1.8/4.5 = 0.400 VipS~ 


5. Let Amount of Slope Compensation (M) = 0.75 and 
Ri = 1K 


Ro =-Rie V S(OSC) -R2 = 1K ¢ 0.400 
VS(LY eM 0.0192 © 0.75 
= 274K ohms 


ll. GATE DRIVE CIRCUITRY 

Thehigh currenttotem-pole outputs of most PWM ICs have 
greatly enhanced and simplified MOSFET gate drive 
circuits. Fast switching times of the high power FETs can 
be attained with nearly a “direct” drive from the PWM. 
Frequently overlooked, only two external components — a 
resistor and Schottky diode are required to insure proper 
operation of the PWM while delivering the high current 
drive pulses. 


MOSFET Input Impedance 

Typical gate-to-source input characteristics of most FETs 
reveal approximately 1500 picofarads of capacitance in 
series with 15 nanohenries of source inductance. For this 
example, the series gate current limiting resistor will not be 
used to exemplify its necessity. Also, the totem pole tran- 
sistors are replaced with ideal (lossless) switches. A dV/dT 
rate of 0.5 volts per nanosecond is typical for most high 
speed PWMs and will be incorporated. 


+15 


FET 
INPUT 
IMPEDANCE 






PWM 





= | 
Figure 7. Ideal Circuit Gate Drive 


Assuming no external circuit parasitics of R, L or C, the 
PWM is therefore driving an L-C resonant tank with no 
attenuation. The driving function is a 15 volt pulse derived 
from the auxiliary supply voltage. The resulting current 
waveform is shown in figure 8, having a peak current of 
approximately seven amps at a frequency of thirty-three 
megahertz. | 
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Figure 8. Voltage & Current Waveforms at Gate 


In a practical application, the transistors and other circuit 
parameters, fortunately, are less than ideal. The results 
above are unlikely to happen in most designs, however 
they will occur at a reduced magnitude if not prevented. 


Limiting the peak current through the IC is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET. The value is determined by divid- 
ing the totem-pole collector voltage (Vc) by the peak 
current rating of the IC's totem-pole. Without this resistor, 
the peak current is limited only by the dV/dT rate of the 
totem-pole and the FET gate capacitance. 


For this example, a collector supply voltage of 10 volts is 
used, with an estimated totem-pole saturation voltage of 
approximately 2 volts. Limiting the peak gate current to 1.5 
amps max requires a resistor of six ohms, and the nearest 
standard value of 6.2 ohms was used. Locating the resistor 
in series with the collector to the auxiliary voltage source 
will only limit the turn-on current. Therefore it must be 
placed between the PWM and gate to limit both turn-on 
and turn-off currents. 


Actual circuit parasitics also play a key role in the drive 
behavior. The inductance of the FET source lead (15 nano- 
henries typical) is generally small in comparison to the lay- 
out inductance. To model this network, an approximation of 
30 nanohenries per inch of PC trace can be used. In addi- 
tion, the inductance between the pins of the IC and the die 
can be rounded off to 10 nanohenries per pin. It now 
becomes apparent that circuit inductances can quickly 
add up to 100 nanohenries, even with the best of PC lay- 
outs. For this example, an estimate of 60 nh was used to 
simulate the demonstration PC board. The equivalent cir- 
cuit is shown in figure 10. A 10 volt pulse is applied to the 
network using 6.2 ohms as the current limiting resistance. 
Displayed is the resulting voltage and current waveform at 
the totem-pole output. 
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Figure 9. Circuit Parameters 
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Figure 10. Circuit Response 


The shaded areas of each graph are of particular interest. 
During this time, the lower totem-pole transistor is satu- 
rated. The voltage at its collector is negative with respect to 
it’s emitter (ground). In addition, a positive output current is 
being supplied to the RLC network thru this saturated NPN 
transistor’s collector. The IC specifications indicate that 
neither of these two conditions are tolerable individually, 
nevermind simultaneously. One approach is to increase 
the limiting resistance to change the response from under- 
damped to slightly overdamped. This will occur when: 


R (gate) => 2e VLIC 


Unfortunately, this also reduces the peak drive current, 
thus increasing the switching times of the FETS — highly 
undesirable. The alternate solution is to limit the peak 
current, and alter the circuit to accept the underdamped 
network. 





APPLICATION NOTE 


The use of a Schottky diode from the PWM output to 
ground will correct both situations. Connected with the 
anode to ground and cathode to the output, it will prevent 
the output voltage from going excessively below ground, 
and will also provide a current path. To be effective, the 
diode selected should have a forward voltage drop of less 
than 0.3 volts at 200 milliamps. Most 1-to-3 amp diodes 
exhibit these traits above room temperature. The diode will 
conduct during the shaded part of the curve shown in 
figure xx when the voltage goes negative and the current 
is positive. The current is allowed to circulate without 
adversely effecting the IC performance. Placing the diode 
as physically close to the PWM as possible will enhance cir- 
cuit performance. Circuit implementation of the complete 
drive scheme is shown in the schematic. 


Power MOSFET Drive Circuit 





D1.D2: UC3611 Schottky Diodes 


Figure 11. 


Transformer driven circuits also require the use of the 
Schottky diodes to prevent a similar set of circumstances 
from occurring on the PWM outputs. The ringing below 
ground is greatly enhanced by the transformer leakage 


Transformer Coupled MOSFET Drive Circuit 





D1.D2: UC3611 Schottky Diode Array 


Figure 12. 


9-138 


U-111 
inductance and parasitic capacitance, in addition to the 
magnetizing inductance and FET gate capacitance. Cir- 
Cuit implementation is similar to the previous example. 


Transformer Coupled Push-Pull MOSFET Drive Circuit 





UC3611 Quad Schottky 
= Diode Array ~ 
PGND 


Figure 13. 


Peak Gate Current and Rise Time Calculations 
Several changes occur at the MOSFET gate during the 
turn-on period. As the gate threshold voltage is reached, 
the effective gate input capacitance goes up by about 
fifteen percent, and as the drain current flows, the capaci- 
tance will double. The gate-to-source voltage remains fairly 
constant while the drain voltage is decreasing. The peak 
gate current required to switch the MOSFET during a spec- 
ified turn-on time can be approximated with the following 
equation. 


lpk = _2 { Ciss [ (2.5 ¢ Vgth) + Id] + [Crss (VDD —-Voth) } } 
Ton gm 


Several generalizations can be applied to simplify this 
equation. First, let Vgth, the gate turn-on threshold, equal 
3 volts. Also, assume gm equals the drain current Id 
divided by the change in gate threshold voltage, dVgth. For 
most applications, dVgth is approximately 2.5 volts for utili- 
Zation of the FET at 75% of its maximum current rating. In 
most off-line power supplies, the gate threshold voltage is 
a small percentage of the drain voltage and can be elimi- 
nated from the last part of the equation. The formulas to 
determine peak drive current and turn-on time using the 
FET parameters now simplify to: 


I pk = _2 © { (10 © Ciss) + (Crss © V drain) } 
Ton 


Ton = =. © { (10 © Ciss) + (Crss © Vdrain) } 
p 


Switching times in the order of 50 nanoseconds are attain- 
able with a peak gate current of approximately 1.0 amps in 
many practical designs. Higher drive currents are obtain- 
able using most Unitrode current mode PWMs which can 
source and sink up to 1.5 amps peak (UC1825). Driver ICs 
with similar output totem poles (UC1707) are recom- 
mended for paralleled MOSFET, high speed applications. 
SEE APPLICATION NOTE U-118 


APPLICATION NOTE 


lll. SYNCHRONIZATION 

Power supplies have historically been thought of as “black 
boxes,’ an off-the-shelf commodity by most end users. 
Their primary function is to generate a precise voltage, 
independent of load current or input voltage variations, at 
the lowest possible cost. In addition, end users allocate a 
minimal amount of system real estate in which it must fit. 
The major task facing design engineers is to overcome 
these constraints while exceeding the customers’ expec- 
tations, attaining high power densities and avoiding 
thermal management problems. !t is imperative, too, that 
the power supply harmonize and integrate with the system 
rather than cause catastrophic noise problems and last 
minute headaches. Products that had performed to satis- 
faction on the lab workbench powered by well filtered 
linear supplies may not fare as well when driven by a noisy 
switcher enclosed in a small cabinet. 


Basic power supply design criteria such as the switching 
frequency may be designated by the system clock or CPU 
and thus may not be up to the power supply designer's dis- 
cretion. This immediately impacts the physical size of the 
magnetic components, hence overall supply size, and may 
result in less-than-optimum power density. However, for the 
system to function properly, the power supply must be 
synchronized to the system clock. 


There are numerous other reasons for synchronizing the 
power supply to the system. Most switching power noise 
has a high peak-to-average ratio of short duration, 
generally referred to as a spike. Common mode noise gen- 
erated by these pulsating currents through stray Capaci- 
tance may be difficult (if not impossible) to completely elimi- 
nate after the system design is complete. Ground loop 
noise may also be amplified due to the interaction of 
changing currents through parasitic inductances, resultng 
in crosstalk through the system. EMI filtering to the main 
input line is much simpler and more repeatable when 
power is processed at a fixed frequency. 


In addition, multiple power stages require synchronization 
to reduce the differential noise generated between moa- 
ules at turn-on. In unison, the converters begin their cycles 
at the same time, each contributing to common mode 
noise simultaneously, rather than randomly. This also sim- 
plifies peak power considerations and will result in predict- 
able power distribution and losses. Compensation made 
for voltage drops along the bus bars, produced by both the 
AC and DC power current components, can be accom- 
plished. Balancing of the loads and power bus losses also 
contributes to diminishing the differential noise and should 
be administered for optimum results. 
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Operation of the PWM Oscillator 

In normal operation, the timing capacitor (Ct) is linearly 
charged and discharged between two thresholds, the 
upper and lower comparator thresholds. The charging 
current is determined by means of a fixed voltage across 
auser selected timing resistance (Rt). The resulting current 
is then mirrored internally to the timing capacitor Ct at the 
IC’s Ct output. The discharge current ts internally set in 
most PWM designs. 


As Ct begins its charge cycle, the outputs of the PWM are 
initiated and turn on. The timing capacitor charges, and 
when its amplitude equals that of the error amplifier output, 
the PWM output is terminated and the outputs turn off. Ct 
continues to charge until it reaches the upper threshold of 
the timing comparator Once intersected, the discharge 
circuitry activates and discharges Ct until the timing 
comparator lower threshold is reached. During this dis- 
charge time, the PWM outputs are disabled, thus insuring 
a “dead” time when each output is off. 


oO —— UPPER COMPARATOR 
THRESHOLD 


6, @, 
ne “% ne 34 
e& 7, ow — ERROR AMPLIFIER 
Ver ow , owe % OUTPUT 
4, 
Cad 
© LOWER COMPARATOR 


THRESHOLD 


HIGH 
SYNC DEADTIME 
LOW . 
alia | ON | OFF OUTPUT A 


sea OFF ON OFF OUTPUT B 
Figure 14. Voltage Mode Control - 
Normal Operation ° . 
: UPPER 
SYNC LOW HIGH LOW HIGH pibicmenre 
Ve eee LOWER 





‘THRESHOLD 


out [ee on ——se| ee ofr = outpura 
A 

OUT ~—«———— OFF —>+|-— ON —- OUTPUT B 
B 


Figure 15. 


The SYNC terminal provides a “digital” representation of 
the oscillator charge/discharge status and can be utilized 
as both an input or an output on most PWM'’s. In instances 
where no synchronization port is easily available, the timing 
circuitry (Ct) can be driven from a digital (OV, 5V) logic input 
rather than in the analog mode. The primary considera- 
tions of on-time, off-time, duty cycle and frequency can be 
encompassed in the digital pulse train. A LOW logic level 
input determines the PWM ON time. Conversely, a HIGH» . 
input governs the OFF time, or dead time. Critical con- 
straints of frequency, duty cycle or dead time can be 
accurately controlled by a digital signal to the PWM timing 
cap (Ct) input. The command can be executed by anything 
from a simple 555 timer, to an elaborate microprocessor 
software controlled routine. 





APPLICATION NOTE 


Not all PWM IC’s have a direct synchronization input/out- 
put connection available to the internal oscillator. In these 
applications, the slave oscillator must be disabled and 
driven in a different fashion. This approach may also be 
required when using different PWMs amongst the slave 
modules with different sync characteristics, or anti-phase 
signals. 


Unfortunately, there are several drawbacks to this method, 
depending on the implementation. First, the PWM error 
amplifier has no control over the pulse width in voltage 
mode control. The error amplifier output is compared to a 
digital signal instead of a sawtooth ramp, rendering its 
attempts fruitless. The conventional soft start technique of 
clamping the error amp output, thereby clamping the duty 
cycle will not function. With no local timing ramp available, 
the supply is completely under the direction of the sync 
pulse source. Should the pulse become latched or 
removed, the PWM outputs will either stay fully on, or fully 
off, depending onthe sync level input (voltage mode). Also, 
without the local Ct ramp, the supply will not self-start, 
remaining off until the sync stream appears. Slope com- 
pensation for current mode controlled units requires addi- 
tional components to generate the compensating ramp. 
Every supply must be produced as a dedicated master, or 
slave, and must be non-interchangeable with one another, 
barring modification. Thisis only a brief list of the numerous 
design drawbacks to this “open-ended” sync operation. To 
circumvent these shortcomings, a universal sync circuit 
has been developed with the following performance fea- 
tures and benefits: 


— Sync any PWM to/from any other PWM 

— Sync any PWM to/from any number of other PWMs 

— Sync from digital levels for simple system integration 

— Bidirectional sync signal 

— Any PWM can be master or slave with no modifications 

— Each control circuit will start and run independently 
of sync if sync signal is not present 

— Localized ramp at Ct for slope compensation 

— No critical frequency settings on each module 

— High speed — minimum delays 

— High noise immunity 

— Low power requirements 

— Remote off capability 


— Minimal effect on frequency, duty cycle, and dead time 


— Low cost and component count 
— Small size 


Sync Circuit Operating Principles 

These optimal objectives can be obtained using a combi- 
nation of both analog and digital signal inputs. The timing 
capacitor Ct input will be used as a summing junction for 
the analog sawtooth and digital sync input. The PWM is 
allowed to run independently using its own Rt and Ct 
components in standard configuration. When synchroni- 
zation is required, a digital sync pulse will be super- 
imposed on the Ct waveform. 
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When applied, the sync pulse quickly raises the voltage at 
Ct above the PWM comparator upper threshold. This 
forces a change in the oscillator charge/discharge status 
and operation. The oscillator then begins its normal dis- 
charge cycle synchronized to the sync signal. This digital 
sync pulse simply adds to the analog Ct waveform, forcing 
the Ct input voltage above the comparator upper 
threshold. 


Vet 


a 
VSYNC 
| (DIGITAL) 


Figure 16. 


THRESHOLD, 


COMBINED THRESHOLD 


In practice, this approach is best implemented by bringing 
Ct to ground through a small resistance, about 24 ohms. 
This low value was selected to have minimal offset and 
effects on the initial oscillator frequency. The sync pulse will 
be applied across the 24 ohm resistor. Since all PWMs 
utilize the timing capacitor in their oscillator section, it is 
both a convenient and universal node to work with. 


SYNC CIRCUIT 
INPUT Cr 


CT 
PWM 


240 


— 
—_ 


Figure 17. Sync Circuit Implementation 


Oscillator Timing Equations 

The oscillator timing components must be first selected to 

guarantee synchronization to the sync pulse. The sawtooth | 
amplitude must be lower than the upper threshold voltage 

at the desired sync frequency. If not, the oscillator will run 

in its normal mode and cross the upper threshold first, 

before the sync pulse. This requirement dictates that the 

PWM oscillator frequency must be lower than the sync 
pulse frequency to trigger reliably. Typically, a ten percent 

reduction in free running frequency can be accommo- 

dated throughout the power supply. Adding the sync cir- 

cuit will have minor effects on the PWM duty cycle, dead- 

time and ramp amplitude. (These will be examined in 

detail.) 


APPLICATION NOTE 


The Timing Ramp 

As mentioned, the timing ramp amplitude needs to be 
approximately ten percent lower in frequency than normal. 
Therefore, the MINIMUM sync pulse amplitude mustfill the 
remaining ten percent of the peak-to-peak ramp amplitude 
to reach the upper threshold. Synchronization can be 
insured over a wide range of frequency inputs and compo- 
nent tolerances by supplying a slightly higher amplitude 
sync pulse. 


Lowering the peak-to-peak charging amplitude also lowers 
the peak-to-peak discharge amplitude. This shortens the 
time required to discharge Ct since it begins at a lower 
potential. Consequently, this reduces the deadtime 
accordingly. However, the sync pulse width adds to the IC 
generated deadtime and increases the effective off, or 
deadtime due to discharge. This sync pulse width need 
only be wide enough to be sensed by the |C comparator, 
which is fairly fast. Additional sync pulse width increases 
deadtime which can be used to compensate for the 10% 
lower ramp, hence deadtime. 





CHARGING RAMP DISCHARGING RAMP 


Figure 18. Oscillator Ramp Relationships 


Oscillator Ramp Equations 

The timing components required in the oscillator section 
are generally determined graphically from the manufac- 
turers’ data sheets for frequency and deadtime versus Rt 
and Ct. While fine for most applications, a careful examina- 
tion of the equations is necessary to analyze the impacts of 
the additional sync circuit components on the timing 
relationships. 


Oscillator Charging Ramp Equations 


AV osc = Ichg dT = Ichg} t 7 
Ct Ct 0 


Tchg = { AV osc e Ct}/Ichg where lchg = Vchg/ Rt 
AV osc = Vth upper — Vth lower 


AV osc’ = AV osc _('chg)__ y (24 ohm) 
t chg(o) 


V (24 ohm) = | chg ¢ 24 = [Vchg/ Rt] ¢ 24 
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These equations can be reduced if an approximation is 
made that the deadtime is very small in comparison to the 
total period. In this case, the entire effect of changing the 
ramp voltage is upon the charging time of the oscillator 
Synchronizing to a higher frequency simply reduces the 
charging time of Ct, (Tchg). The new charging time (Ichg’) 
is the original charge time multiplied by the change in fre- 
quency between F original and F sync. This relative 
change will be used in several equations; it is labelled P for 
percentage of change. 


Tchg’ _ T sync _ Forig 
Tchg(o) Torig  Fesynec 


For small values of charging current, or large values of Rt, 
the voltage drop across the 24 ohm resistor is negligible. A 
current of 2 milliamps will result in a 2.5% timing error with 
a 2 volt peak to peak oscillator ramp at Ct. It is also prefer- 
rable to free-run the IC oscillator at about a 15% lower fre- 
quency than the synchronization frequency, where “P” = 
0.85. 


AVosc’ (sync) = AVosc(o) « P = 0.85 © A[Vosc] orig. 
T chg’ = T chg(o) * P = 085 T chg(o) 

V sync (minimum) amplitude = A [Vosc] ¢ (1-P) 

= 0.15 © A [Vosc(o)] 


With an approximate 2 volt peak to peak oscillator ampli- 
tude, the minimum sync pulse amplitude is 0.30 volts for 
synchronization to occur with a 15% latitude in 
frequencies. 


= P “relative F change’ 


Oscillator Discharge Ramp Equations 

Proper deadtime control in the switching power stage is 
required to safeguard against catastrophic failures. Add- 
ing the sync circuit to the oscillator reduces the discharge 
time of the timing capacitor Ct, hence reducing the dead- 
time of the PWM. There are two contributing factors. First, 
the peak amplitude at the timing capacitor is lowered by AV 
osc(o) - AVosc, and the capacitor begins its discharge 
from a lower potential. Second, the 24 ohm resistor adds 
an offset voltage, dependent on its current. Typical IC dis- 
charge currents range from approximately 6 to 12 milli- 
amps. This offset due to charging current (1-2 ma) is low in 
comparison to that of the discharge current (6 to 12 ma). 
While negligible during the charge cycle, its tenfold effects 
must be taken into account during the discharge, or 
deadtime. 


The discharge time (T dchg) can be calculated knowing 
the discharge current of the particular IC. More convenient 
is to use the manufacturers’ published deadtime listing for 
a known value of Ct, and to calculate the effects of the sync 
Circuit. The discharge current has been averaged to 8 milli- 
amps for brevity. 


AV dschg’ = [AVdchg(o) ¢ P] - V (24 ohm) 
= [0.85 © AVosc(o)] — 0.2 volts 


T dchg’ = T dchg(o) - T loss (24 ohms) | 
where T dchg(o) = initial deadtime from curve 


= T dchg(o) e [AV dchg’ / AVosc(o)] 





APPLICATION NOTE 


The actual deadtime is a summation of both the discharge 
time of Ct and the width of the sync pulse. While being 
applied, the sync pulse disables the PWM outputs and 
must be added to the discharge time. The sync pulse width 
can be used to compensate for the “lost” deadtime, or as 
a deadtime extension. 


T dead’ = T dchg’ + T sync pulse width 





Q, +5V 
SYNC 
2N2222A ON2229A TO 
SLAVE 
[4H CT OSC. 
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0.1 pF 

nulees OUTPUT $ 242 


Figure 19. Sync Circuit Schematic 


Operating Principles 

A positive going signal is input to the base of transistor Q1 
which operates as an emitter follower. The leading edge of 
the sync signal is coupled into the base of Q2 through 
capacitor C1, developing a voltage across R4 in phase with 
the sync input. This signal is driven through C2 to the slave 
timing capacitor and 24 ohm resistor network, forcing 
synchronization of the slave to the master. This high speed 
pulse amplifier circuit adds a minimum of delay (= 50 ns) 
between the master to slave timing relationship. 


Top Trace: 
Clock Input 


Center Trace: 
Base-to-Ground 
Voltage at Q2 


Bottom Trace: 


Output Voltage 
into 8 ohms 


Vertical: 1 Volt/CM 


Horizontal: 
FOSC = 1 MHz 


Figure 20. Sync Circuit Waveforms 


This photo displays the waveforms of the sync circuit in 
operation at a clock frequency of 1 megahertz. The top 
trace is the circuit input, a 2.5 volt peak-to-peak clock out- 
put signal from the UC3825 PWM. Any of several other 
PWMs can be used as the source with similar results at 
lower frequencies. The center trace depicts the base to 
ground voltage waveform at transistor Q2, biased at 3 volts. 
The lower trace displays the output voltage across R4 while 
driving three slave modules, or about 8 ohms from the 5 
volt reference. 
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Top Trace: 
Master :CT 


Center Trace: 
Clock Output 


Bottom Trace: 
V Sync Output 





FOSC = 1 MHz 


Figure 21. Circuit Timing Waveforms 


Top Trace: 
Master Clock Output 


Bottom Trace: 
Slave Clock Output 


Both: 1 V/CM, 20 ns/CM 





Figure 22. Sync Circuit Delay; Input to Output 


Trace 1: Master 
Trace 2: Slave 1 


Trace 3: Slave2_ 





Trace 4: Slave3 


Vertical: 1 V/CM All 


Horizontal: 
Fo = 1 MHz 


Figure 23. Oscillator Waveforms: 
Master and Slaves 
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Trace 1: Master 
Trace 2: Slave 1 
Trace 3: Slave 2 


Trace 4: Slave 3 


Vertical: 1 V/GM All 


Horizontal: 20 ns/CM 


Figure 24. Typical Sync Delay at Cr: 
Master to Slaves 


Synchronization ranges for the slaves were discussed in 
the previous text. The 1 volt sync pulse will accommodate 
most ranges in frequency due to manufacturers’ toler- 
ances. The following photo is included to display the out- 
come of trying to use the sync circuit on slaves with oscilla- 
tor frequencies set beyond the sync circuit range. The 
upper trace is the master Ct waveform. The center trace is 
Ct of a slave free-running at approximately one half that of 
the master. The sync pulse alters the waveform, however 
does not bring it above the comparator’s upper threshold 
to force synchronization. The lower trace shows a slave free 
running at approximately twice that of the master’s oscilla- 
tor. In this instance, the sync pulse forces synchronization 
at alternate cycles to the master. 


Top Trace: Master Cy 
F OSC = 1.0 MHz 


Center Trace: Slave 1 
F OSC = 500 KHz 


Bottom Trace: Slave 2 
F OSC = 1.7 MHz 


Vertical: 1 V/CM All 


Horizontal: 250 ns/CM 


Figure 25. Nonsynchronous Operation 


For voltage mode control, the free-running frequencies of 
the oscillator should be set as close to the master as toler- 
ances will allow. One of the consequences of not doing so 
is the reduced amplitude of the Ct waveform, resulting in a 
lower dynamic range to compare against the error ampli- 
fier output. The top trace in the following photo shows that 
slave 1 has a much smaller ramp than slave 2, the lower 
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trace. The amplitude should be made as large as possible 
to enhance circuit performance. 






Top Trace: Slave 1 
dV Ramp = 1.25V 
FOSC < F Sync 


7 
dV. 
Center Trace: Slave 2 i 4 


dV Ramp = 1.75 9Ve 
FOSC = F SYNC 


Bottom Trace: Sync 


Figure 26. Ct Ramp Amplitude Waveforms 


Sync Pulse Generation from 

the Oscillator Ct Waveform 

Not every PWM IC is equipped with a sync output terminal 
from the oscillator. This is certainly the case with most low 
cost, mini-dip PWMs with a.limited number of pin, like the 
UC1842/3/4/5. These ICs can provide a sync output with a 
minimum of external components. 


Common to all PWMs of interest is the timing capacitor, Ct, 
used in the oscillator frequency generation. The universal 
sync circuit previously described triggers from the master 
deadtime, or Ct discharge time. A simple circuit will be 
described to detect this falling edge of the Ct waveform 
and generate the sync pulse required to the slave PWM(s). 


SLAVE 


Cr 


GND = GND 
Figure 27. Sync Pulse Generator Circuit 


Operating Principles 

Transistor Q1 is an emitter follower to buffer the master 
oscillator circuit, and capacitively couples the falling edge 
of the timing waveform to the base of Q2. Since the rising 
edge of the waveform is typically ten or more times slower, 
it does not pass through to Q2, only the falling edge, or 
deadtime pulse is coupled. Transistor Q2 inverts this sync 
signal at its collector, which drives Q3, the power stage of 
this circuit. Similar to the universal sync circuit, the slave 
oscillator sections are driven from Q3’s emitter. This circuit 
is useable to several hundred kilohertz with a minimum of 
delays between the master and slave synchronization 
relationship. 
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Top Trace: 
Circuit Input 


Bottom Trace: 
Circuit Output 
Across 24 Ohms 


Vertical: 0.5 V/CM Both Horizontal: 0.5 »S/CM 


Figure 28. Operating Waveforms at 500 KHz 


Top Trace: 
Slave CT 


Bottom Trace: 
Master CT 





Vertical: 0.5 V/CM Both 


Horizontal: 0.5 »S/CM 


Figure 29. Master/Slave Sync Waveforms at Ct 


IV. EXTERNALLY CONTROLLING THE PWM 

Many of today’s sophisticated control schemes require 
external control of the power supply for various reasons. 
While most of these requirements can be incorporated 
quite easily with a full functioned control chip, (typical of a 
16 pin device), implementation may be more complex with 
a low cost, 8 pin PWM. Circuits to provide these functions 
with a minimum of external parts will be highlighted. 


Shutdown 

One of the most common requirements is to provide a 
complete shutdown of the power supply for certain situa- 
tions like remote on/off, or sequencing. Typically, a TTL 
level input is used to disable the PWM outputs. Both vol- 
tage and current mode control ICs can perform this task by 
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simply pulling the error amplifier output below the lower 
threshold of the PWM comparator of approximately 0.5 
volts. This can be easily implemented via an NPN transistor 
placed between the E/A output and ground, used to short 
circuit the E/A output to zero volts. In most cases, this node 
is internally current limited to prevent failures. 

Another scheme is to pull the current limit or current sense 


input above its upper threshold. A small transistor from this 
input to the reference voltage will fulfill this requirement. 


ACTIVE LOW 









1.2K VREF 


SHUTDOWN 
PWM 


TTL/CMOS ian 


A. NONLATCHING 
Figure 30. PWM Shutdown Circuits 


ACTIVE HIGH 







E/A OUTPUT 






PWM 


B. NONLATCHING 
Figure 31. 


Latching Shutdown 

For those applications which require a latching shutdown 
mechanism, an SCR can be used in conjunction with the 
above circuits, or in lieu of them. The SCR can also be 
placed from the PWM E/A output to ground, provided the 
PWM E/A minimum short circuit current is greater than the 
maximum holding current of the SCR,’ and the voltage 
drop at I(hold) is less than the lower PWM threshold. 
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C. LATCHING 
Figure 32. 


Soft Start 

Upon power-up, it is desirable to gradually widen the PWM 
pulse width starting at zero duty cycle. On PWMs without 
an internal soft start control, this can be implemented exter- 
nally with three components. An R/C network is used to 
provide the time constant to control the | limit input or error 
amplifier output. A transistor is also used to isolate the com- 
ponents from the normal operation of either node. It also 
minimizes the loading effects on the R/C time constant by 
amplification through the transistors gain. 


Rss 


E/A OUTPUT 


Css 


B. USING E/A 
Figure 33. 
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Variable Frequency Operation 

Certain topologies and control schemes require the use of 
a variable frequency oscillator in the controlling element. 
However, most PWMs are designed to operate in a fixed 
frequency mode of operation. A simple circuit is presented 
to disable the ICs internal oscillator between pulses, thus 
allowing variable frequency operation. 


Internal at the ICs timing resistor (Rt) terminal is a current 
mirror. The current flowing through Rt is duplicated at the 
Ct terminal during the charge cycle, or “on” time. When the 
Rt terminal is raised to V ref (5 volts), the current mirror is 
turned off, and the oscillator is disabled. This is easily 
switched by a transistor and external logic as the control 
element, for example, a pulse generator. The PWM's timing 
resistor and capacitor should be selected for the maximum 
“ON” time and minimum “DEAD” time of the PWM 
output(s). The rate at which the PWM oscillator is disabled 
determines the frequency of the output(s). 


The frequency can be varied in two distinct fashions 
depending on the desired control mode and trigger 
source. The “off” time of both outputs will occur on a pulse- 
by-pulse basis when the PWM outputs are OR’d to the trig- 
ger source. In this configuration either output initiates the 
“off” time, triggered by its falling edge. The PWM output A 


is activated, then both outputs A and B are low during the 


“off” time of the pulse generator. This is followed by output 
B being activated, then both outputs A and B low again 
during the next “off” time. This cycle repeats itself at a fre- 
quency determined by the pulse generator circuitry. 


Another method is to introduce the “off” time after two 
(alternate A, then B) output pulses. Output A is activated, 
followed immediately by output B, then the desired “off” 
time. The pulse generator circuitry is triggered by the 
PWM's falling edge of output B. The specific control 
scheme utilized will depend on the power supply topology 
and control requirements. 





| Figure 34. Oscillator Disable Circuit 
Variable Frequency Operation 
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Fixed “Off-Time” Applications 

Obtaining a fixed “off-time” and a variable “on-time” can 
easily be accomplished with most current-mode PWM IC’s. 
In these applications, the Rt/ Ct timing components are used 
to generate the “off-time” rather than the traditional “on- 
time.” Implementation is shown schematically in Figure 3 
along with the pertinent waveforms. 
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At the beginning of an oscillator cycle, Ct begins charging 
and the PWM output is turned on. Transistor Q1 is driven 
from the output and also turns on with the PWM output, thus 
discharging Ct and pulling this node to ground. As this 
occurs, the oscillator is “frozen” with the PWM output fully 
ON. On-time can be controlled in the conventional manner 
by comparing the error amplifier output voltage with the 
current sense input voltage. This results in a current con- 
trolled “on-time” and fixed “off-time” mode of operation. 
Other variations are possible with different inputs to the 
current sense input. 


When the PWM output goes low (off), transistorQ1 also turns 
off and Ct begins charging to its upper threshold. The off-time 
generated by this approach will be longer for a given Rt/Ct 
combination than first anticipated using the oscillator “charg- 
ing” equations or curves. Timing capacitor Ct now begins 
charging from Vsat of Q1 (approx. OV) instead of the internal 
oscillator lower threshold of approximately 1 volt. 
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Figure 35. 
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Current Mode ICs Used in Voltage Mode 

Most of today’s current mode control ICs are second and 
third generation PWMs. Their features include high current 
output driver stages, reduced internal delays through their 
protection circuitry, and vast improvements in the refer- 
ence voltage, oscillator and amplifier sections. In compari- 
son to the first generation ICs (1524), numerous advan- 
tages can be obtained by incorporating a second or third 
generation IC (18XX) into an existing voltage mode design. 


In duty cycle control (voltage mode), pulse width modula- 
tion is attained by comparing the error amplifier output to 


an artificial ramp. The oscillator timing capacitor Ct is used . 


to generate a sawtooth waveform on both current or vol- 
tage mode ICs. To utilize a current mode chip in the voltage 
mode, this sawtooth waveform will be input to the current 
sense input for comparison to the error voltage at the PWM 
comparator. This sawtooth will be used to determine pulse 
width instead of the actual primary current in this method. 





Figure 36. Current Mode PWM Used as a 
Voltage Mode PWM 


Compensation of the loop is similar to that of voltage mode, 
however, subtle differences exist. Most of the earlier PWMs 
(15xx) incorporate a transconductance (current) type 
amplifier, and compensation is made from the E/A output 
to ground. Current mode PWMs use a low output resis- 
tance (voltage) amplifier and are compensated accord- 
ingly. For further reference on topologies and compensa- 
tion, consult “Closing the Feedback Loop” listed in this 
appendix. 
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Vi. FULL DUTY CYCLE (100%) APPLICATIONS 
Many of the higher power (>500 watt) power supplies 
incorporate the use of a fan to provide cooling for the mag- 
netic components and semiconductors. Other users lo- 
cate fans throughout a computer mainframe, or other 
equipment to circulate the air and keep temperatures from 
skyrocketing. In either case, the power supply designer is 
usually responsible for providing the power and control. 


The popularity of low voltage DC fans has increased 
throughout the industry due to the stringentagency safety 
requirements for high voltage sections of the overall circuit. 
In addition, it’s much easier to satisfy dual AC inputs and 
frequency stipulations with alow cost DC fan, powered by 
a semi-regulated secondary output. 


The most efficient way to regulate the fan motor speed 
(hence temperature) is with pulse width modulation. An 
error signal proportional to temperature can be used as the 
control voltage to the PWM error amplifier. While nearly full 
duty cycle can be easily attained, the circumstances may 
warrant full, or true 100% duty cycle. 


This condition is highly undesirable in a switch-mode 
power supply, therefore most PWM IC designs have gone 
to great extent to prevent 100% duty cycle from occurring. 
There are simple ways to over-ride these safeguards, how- 
ever. One method, presented below, “freezes” the oscilla- 
tor and holds the PWM output in the ON, or high state 
when the circuit is activated. Feedback from the output is 
required to guarantee that the oscillator is stopped while 
the output is high. Without feedback, the oscillator can be 
nulled with the output in either state. 





FULL DUTY SWITCH = 


Figure 37. Full Duty Cycle Implementation 
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Vil. HIGH EFFICIENCY START-UP CIRCUITS 

FOR BOOTSTRAPPED POWER SUPPLIES 

Many pulse width modulator |.C.s have been optimized for 
Offline use by incorporating an under-voltage lockout cir- 
cuit. Demanding only a milliamp or two until start-up, the 
auxiliary supply voltage (V aux) can be generated by a sim- 
ple resistor/capacitor network from the high voltage dec rail 
(+V dc). Once start-up is reached, the auxiliary power is 
supplied by means of a “boostrap” winding on the main 
transformer. 


While the start-up requirements are quite low, losses in the 
resistor to the high voltage DC can be significant in steady 
state operation. This is especially true for low power (<35 
watt) applications and circuits with high voltage rails (400 
volts DC, for example). Once the main converter is running, 


switching the start-up resistor out of circuit would increase. 


efficiency substantially. Circuits have been developed to 
use either bipolar or MOSFET transistors as the switch to 
lower the start-up circuit power consumption, depending 
on the application. Selection can be based on optimizing 
Circuit efficiency (MOSFET) or lowest component cost 
(bipolar). The overall improvement in power supply effi- 
ciency suggests this circuitry is a practical enhancement. 


The high efficiency start-up circuit shown in figure 1 utilizes 
two NPN bipolar transistors to switch the start-up resistor in 
and out of circuit. It can be used in a variety of applications 
with minor modifications, and requires a minimum of com- 
ponents. Figure 2 displays a similar circuit utilizing N 
channel MOSFET devices to perform the switching. 







RSTART 
(1K) 
UPTA 520 





FROM 
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Figure 38. NPN Switches 
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Figure 39. 


9-148 


BOOTSTRAPPED 


U-111 


Theory of Operation : 

Prior to applying the high voltage DC, capacitor C1 is dis- 
charged; switches Q1, Q2 and the main converter are off. 
As the input supply voltage (Vdc) rises, resistors R1 and R2 
form a low current voltage divider. The voltage developed 
across R2 rises accordingly with +V dc until switch Q1 
turns on, thus charging C1 thru R start-up from +V de. This 
continues as the UV lockout threshold of the I.C. is reached 
and the main converter begins operation. Energy is deli- 
vered to C1 from the bootstrap winding in addition to that 
supplied through R start-up. 


After several cycles, the auxiliary voltage rises with the main 
converters increasing pulse width, typical of a soft-start rou- 
tine. Current flows through zener diode D1 and develops a 
voltage across the Q2’s biasing resistor, R3. Transistor Q2 
turns on when the auxiliary voltage reaches V zener plus 
Q2’s turn on threshold. As this occurs, transistor Q1 is 
turned off, thus eliminating the start-up resistor from the cir- 
Cuit power losses. In most applications, the auxiliary vol- 
tage is optimized between 12 and 15 volts for driving the 
main power MOSFETs, while keeping power dissipation in 
the PWM IC low. 


If the main converter is shut down for some reason, V aux 
will decay until Q2 turns off. Transistor Q1 then turns back 
on, and C1 is charged through R start-up from the high vol- 
tage DC, as during start-up. 

NOTE: SEE DESIGN NOTE DN-26 FOR ADDITIONAL 
CIRCUITS. 

Vill. CURRENT MODE 

HALF BRIDGE APPLICATIONS. 

As previously described (1), Current mode control can 
Cause a “runaway” condition when used with a “soft” cen- 
tered primary power source. The best example of this is the 
half bridge converter using two storage capacitors in series 
from the rectified line voltage. For 110 VAC operation, the 
input is configured as a voltage doubler, and one of the AC 
inputs is tied directly to the storage capacitor’s centerpoint. 
This is considered a “stiff” source, since the centerpoint will 
remain at one-half of the developed voltage between the 
upper and lower rail. However, during 220 VAC inputs, a 
bridge configuration is used for the input rectifiers, and the 
Capacitors are placed in series with each other, across the 
bridge. Their centerpoint potential will vary when different 
amounts of charge are removed from the capacitors. This 
is generally caused by uneven storage times in the switch- 
ing transistors Q1 and Q2. 


STIFF CENTERPOINT 





Figure 40. 


APPLICATION NOTE 
SOFT CENTERPOINT 





Fiqure 41. 


The centerpoint voltage can be maintained at one-half 
+Vdc by the use of a balancing technique. In normal 
operation, transistor Q1 turns on, and the transformer pri- 
mary is placed across one of the high voltage capacitors, 
C1 for example. On alternate cycles the transformer pri- 
mary is across the other cap, C2. An additional balancing 
winding, equal in number in turns to the primary, is wound 
on the transformer. It is connected also to the capacitor 
centerpoint at one end and thru diodes to each supply rail 
at the other end. The phasing is such that it is in series with 
the primary winding through the ON time of either 
transistor Q1 or Q2. 


+ 350 





Figure 42. Schematic - Balancing Winding 


In this configuration, the center point of the high voltage 
caps is forced to one-half of the input DC voltage by nature 
of the two series windings of identical turns. Should the 
midpoint begin to drift, current flows thru the balancing 
winding to compensate. 





Figure 43. Transistor Q1 On 
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Figure 44, Transistor Q20n 


In most high frequency MOSFET designs, the FET mis- 
matches are small, and the average current in the balanc- 
ing winding is less than 50 milliamps. A small diameter wire 
can be wound next to the larger sized primary for the 
balancing winding with good results. 


IX. PARALLELING CURRENT MODE MODULES 
One of the numerous advantages of current mode control 
is the ability to easily parallel several power supplies for in- 
creased output power. This discussion is intended as a 
primer course to explore the basic implementation 
scheme and design considerations of paralleling the 
power modules. Redundant operation, failure modes and 
their considerations are not included in this text. 


The prerequisites for parallel operation are few in. number, 
but important to insure proper operation. First, each power 
supply module must be current mode controlled, and 
capable of supplying its share of the total output power. All 
modules must be synchronized together, and one unit can 
be designated as the master for the sake of simplicity. All 
remaining units will be configured as slaves. 


The master will perform one function in addition to gen- 
erating the operating frequency. It provides a common 
error voltage (Ve) to all modules as the input to the PWM 
comparator. This voltage is compared to the individual 
module’s primary current at its PWM comparator The 
slaves are utilized with their error amplifier configured in 
unity gain. Assume there are identical primary current 
sense resistors in each module, and no internal offsets in 
the ICs amplifiers or other circuit components. In this case, 
the output voltages and currents of each module would be 
identical, and the load would be shared equally among the 
modules. 





VR = Ip ¢ Rg (+5%) 


ERROR AMPLIFIER PWM COMPARATOR 


Figure 45. PWM Diagram 





APPLICATION NOTE 


In reality, small offets of +10 millivolts exist in each PWM 
amplifier and comparator. As the common error voltage, 
(Ve) traverses through the IC’s circuitry, its accuracy de- 
creases by the number and quality of gates in its path. The 
maximum error occurs at the lowest common mode ampli- 
fier voltage, approximately 1 volt. The +20 millivolt offset 
represents a + 2% error at the PWM comparator. At higher 
common mode voltages, typical of full load conditions, the 
error voltage (Ve) is closer to its maximum of 4 volts. Here 
thesame + 20 millivolts introduces only + 0.5% error to the 
signal. ne, 


The other input to the PWM comparator, Vr, is the voltage 
developed by the primary current flowing through the cur- 
rent sense resistor(s). Inmany applications, a5% tolerance 
resistor is utilized resulting in a +5% error at the PWM 


’ «f 


comparator’s “current sense” or ramp input. 


Pulse width is determined by comparing the error voltage 
(Ve) with the current sense. voltage, (Vr). When equal, the 
primary current is therefore the error voltage divided by the 
current sense resistance; |p = Ve/Rs. Output current is 
related to the primary current by the turns ratio (N) of the 
transformer. Sharing of the load, or total output current is 
directly proportional to the sharing of the total primary cur- 
rent. The previous equations:and values can be used to 
determine the percentage of sharing between modules. 








Unit 1 Unit 2 
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Primary current, lp = Ve/Rs. Introducing the tolerances, 
Ip’ = Ve (+2%) / Rs (45%); therefore Ip’ = Ip (+ 7%) 
The primary currents (hence output currents) will share 
within +seven percent (7%) of nominal using a five per- 
cent sense resistor. Clearly, the major contribution is from 
the current sense circuitry, and the PWM IC offsets are 
minimal. Balancing can be improved by switching to a 
tighter tolerance resistor in the Current sense circuitry. 


The control-to-output gain (K) decreases with increasing 
load. At high loads, when primary currents are high, so is 
the error amplifier output voltage, (Ve). With a typical value 
of four volts, the effects of the offset voltages are minimized. 
This helps to promote equal sharing of the load at full 
power, which is the intent behind paralleling several 
modules. 


For demonstration purposes, four current mode push-pull 
power supplies were run in parallel at full power. The pri- 
mary current of each was measured (lower traces) and 
compared toa precision 1 volt reference (upper trace). The 
voltage differential between traces is displayed in the 
upper right hand corner of the photos. Using closely 
matched sense resistors, the peak primary currents varied 
from a low of 2.230A to 2.299 amps. Calculating a mean 
value of 2.270 amps, the individual primary currents 
shared within two percent, indicative of the sense resistor 
tolerances. — a | | 


000V | 


Unit 3 


Unit 4 


Figure 46. Primary Currents — Parallel Operation — 
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Other factors contributing to mismatch of output power are 
the individual power supply diode voltage drops. The out- 
put choke inductance reflects back to the primary current 
sense, and any tolerances associated with it will alter the 
primary current slope, hence current. In the contro! sec- 
tion, the peak-to-peak voltage swing at the timing capacitor 
Ct effects the amount of slope compensation introduced, 
along with the tolerance of the summing resistor. These 
must all be accounted for to calculate the actual worst case 
current sharing capability of the circuit. 


Top Trace: 
Ve: Error Voltage 
with Noise 


Lower Trace: 
Vr: Primary 
Current 


Figure 47. Noise Modulating Ve 


Proper layout of all interconnecting wires is required to 
insure optimum performance. Shielded coax cable is 
recommended for distributing the error voltage among the 
modules. Any noise on this line will demonstrate its impact 
at the PWM comparator, resulting in poor load sharing, or 
jitter. 


Unitrode Integrated Circuits Corporation 
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Cables should be of equal length, originating at the 
master and routed away from any noise sources, like the 
high voltage switching section. All input and output power 
leads should be exactly the same length and wire gauge, 
connected together at ONE single point. Leads should be 
treated as resistors in series with the load, and deviations 
in length will result in different currents delivered from each 
module. 


PARALLEL 

OPERATION L 
EQUAL LEAD ie) 
LENGTHS FROM A 
MASTER AND D 
SLAVE(S) TO ALL 

CONNECTIONS 





Figure 48. 
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A HIGH PRECISION PWM TRANSCONDUCTANCE AMPLIFIER 
FOR MICROSTEPPING USING UNITRODE’S UC3637 


INTRODUCTION 


lf you ask a designer why he has chosen a stepping mo- 
tor for a given application, chances are that his answer 
will include something about “open loop positioning.” 
Stepping motors can provide accurate positioning without 
expensive position sensors and feedback loops, and this 
fact alone results in large savings. 


But there is more: steppers are tough and durable, easy 
to use, and high in power rate. And if you want to close a 
feedback loop around them, you can do that, too. 


Still, there are certain problems. Steppers are incremental 
motion machines, and as such they tend to be noisy and 


are prone to behave erratically under certain conditions; 
for example, when the stepping rate is such as to excite a 
mechnical or electro-mechanical resonant mode. Further- 
more, although the angular increments may be small—es- 
pecially when half-stepping is used—the positioning reso- 
lution is restricted to a finite number of discrete points. 


Therefore, this question arises: “Is there a method of driv- 
ing stepping motors such that the resulting movement is 
smooth and quiet—that is, essentially continuous, as op- 
posed to incremental? And would this result in improved 
positioning resolution?” We will try to answer these ques- 
tions here. | 
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Figure 1. Static Torque Curves of Two Hybird Steppers 


STATIC TORQUE CURVES 


The curves in Figure 1 illustrate how a stepping motor 
torque behaves as a function of rotor angle. The detent 
torque component is a consequence of the magnetic field 
produced by the rotor magnet (or magnets), and is pres- 
ent with or without phase currents applied. It can be seen 
that this component contributes a fourth harmonic distor- 
tion to the static torque curves. The energized torque 
curves, in general, have additional harmonic components, 
mostly the third and fifth. Note that the two motors depict- 


9-152 


ed in Figure 1 have very different characteristics in this re- 
spect. The distortion observed in the static torque charac- 
teristic is of no great consequence in the more usual ap- 
plications of stepping motors, using either full step or half 
step sequences. It is when we start thinking about in- 
creasing the positioning resolution of these motors by 
some method of apportioning currents between the two 
phases, that we begin to be concerned about the effects 
of harmonic distortion. Even small amounts of added har- 
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monics can have a very noticeable effect on the wave- 
shape, as shown in Figure 2. 
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Figure 2. Effect of 10% and 20% Harmonic Content 


Figure 3 shows the relationship between sine and cosine 
waveforms, and what it tells us is that if we can get a mo- 
tor with a sinusoidal static torque characteristic—i.e., with 
no harmonic components—and drive phase A with a sine 
current function and phase B with a cosine current func- 
tion, we would have smooth shaft rotation and accurate 
positioning at any angle. 


a as 
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Stepping motors having static torque curves with very low 
harmonic distortion are commercially available today. But 
most low-priced, mass produced hybrid steppers exhibit 
torque curves with enough harmonic components to re- 
quire careful consideration in any attempt to improve reso- 
lution by what is known as microstepping. (The name mi- 
crostepping originates from the fact that the required cur- 
rent waveforms are generated by a digital process that 
aproximates those waveforms incrementally. With thirty- 
two or sixty-four increments for an electical angle of 7/2 
radians, the resulting waveforms are hardly distinguishable 
from true sine or cosine signals.) 


If the nonsinusoidal static characteristic of a given motor 
is known, it is possible to generate appropriate wave- 
shapes for the phase currents so that the resulting torque 
curve becomes free of distortion, as required. Note that 
this involves no additional complexities, since it is just as 
easy—or difficult—to synthesize one waveform as anoth- 
er. Consequently, one can, in principle, linearize any mo- 
tor for increased resolution and smoothness through mi- 
crostepping. 


Still, it should be noted that the best efficiency is obtained 
when the phase current waveshapes are undistorted, be- 
cause of all suitable waveforms, the sine wave has the 
lowest form-factor. 
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Figure 3. The sum of sine and cosine waveforms is a smoothly rotating vector. 
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The form-factor of a waveform is the ratio if its rms to av- 
erage values. For a sine wave, this ratio is: 


707 
= 1.111 


1) ffg = ——— 
(1) S = 0.637 


Some manufacturers have used triangular waveforms— 
largely because they can be implemented with great sim- 
plicity—and it is interesting to note that for such a wave- 
form, the average value is 0.5 Vpx, while the rms is 0.577 
Vpx. Thus the form factor is: 


0.577 
2) ffir = —— = 1.155 
(2) ffr 05 


_ AS a consequence, for the same peak. power applied to 
the motor, the rms power of a triangular waveform is 18% 
less than that of a sine wave, whereas the average cur- 
rent is 21% less. It follows that microstepping with a trian- 
gular waveform does not use the full capabilities of the 
motor. 


The same result is obtained with other-waveforms, as long 
as the peak power is limited, as it must be. 


But regardless of all this, the fact remains that whether 
our motor has a sinusoidal torque curve or a very distort- 
ed one, the thing that will be inevitably required will be 
two amplifiers capable of converting the synthesized 
waveform into phase currents at the required power lev- 
e/s. In the next section, we will describe the design of one 
such amplifier, having a transconductance linearity of bet- 
ter than 1% and capable of delivering phase currents of 
up to +6A. | 


UNITRODE’S UC3637 PWM CONTROLLER 


Pulse width modulation (PWM) is a method of power con- 
trol whose most attractive feature is the high level of effi- 
ciency that can be obtained. With careful design, and us- 
ing power MOSFETs as output switches, one can easily 
achieve efficiencies higher than 80%. | 


The Unitrode UC3637 PWM controller, housed in an eigh- 
teen-pin DIL package, was originally intended to serve as 
a PWM amplifier for brush-type PM servomotors. But, be- 
cause of its ingenious design, the device has found its 
way into various other uses as well, such as temperature 
control, uninterruptible power supplies, and even high fi- 
delity sound reproduction. As we shall see, it can also be 
used in a high performance PWM transconductance am- 
plifier. 


BLOCK DIAGRAM AND LOOP EQUATIONS 


A block diagram of the current feedback loop under con- 
sideration is shown in Figure 4, where the UC3637 is seen 
to contain the high-gain error amplifier and the main ingre- 
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dients of the PWM amplifier. Since we are looking for an 
output of 6A, an H-bridge power stage must be added. 
The motor current ly is sensed by means of a low value 
resistor Rs, and the derived voltage Vc is used to com- 
plete the feedback loop. Not shown in the block diagram 
is the back-EMF voltage, the product of motor shaft 
speed and Ky, the motor speed constant. Since this term 
does not contribute to the dynamics of the current feed- 
back loop, it has purposely been left out. 






VIN 
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Figure 4. Block Diagram of the Complete Current- 
Control Loop 


The transfer functions of the error amplifier and motor are 
as follows: 





V 1 + sRC 
(3) 2 = - sé 
Vo sR3C 
| 1 
(4) OM eee 
Vea Re(1 + sTm) 


where Ty = Ly/Rwy, the motor’s electrical time-constant 
(Rs is assumed to be low compared with Ry). The for- 
ward transfer function is, then: 
—Ka, Kp (1 + SRC) 
5):G (ss) = 
sRyRyC (1 +sTm) 
For the feedback transfer functions, we have simply: 
Vc 
(6) H (s) a an Kc 
M 


Thus, for the closed loop, 


IM Ka Kp (1 + SRC) 


YA ete eg een eens 2 De — Ib aC ed Se 
”) Vin Kakpkc(1 +sRC) + sRyRyC (1 + sTm) 
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If we make the time-constant RC equal to the motor’s 
time-constant Ty, this becomes: 


(8) 
Vin Kakpkco + sRyRyC 
1 
(6) See 
Vin Kce(1 + sT}) 
where, 
RiRyC RyL 
KaKgBkKco KakKgkcR 
By making RC = Ty, we have eliminated one of the 


transfer function poles. The resulting closed-loop re- 
sponse, described by (7) has a gain of 1/Kc from w = 0 
to w = 1/T;, and drops at —6 bd/octave thereafter. 


DESIGNING THE HARDWARE 


In designing circuits intended to handle power, it is cus- 
tomary to start with the output stage. This is surely due to 
the fact that the power stage is more demanding of the 
designer’s attention and care, whereas the low level cir- 
cuits are far more adaptable to the requirements of the 
chosen output configuration. 


In the present case, power MOSFETs were chosen for 
the H-bridge because of their low losses, and because of 
their compatibility with the UC3637 outputs. Each totem- 
pole leg of the bridge is made up of one N-channel and 
one P-channel device. Such a pair can be driven in many 
different ways, of which several were considered for this 
particular design. The method that was finally chosen, 
shown in Figure 5, requires a few comments. | 


*Vy 


TO OTHER 
STAGES 
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Figure 5. Totem-Pole Leg of Output H-Bridge 
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The first thing to notice is that the upper MOSFET, tran- 
sistor QP, has its gate driven through a capacitor, C;. This 
is not always practical of course, but in the case of a 
chopper drive combined with a stepping motor, it turns out 
that a driving signal is always present. At stand-still and at 
low speeds, it is the chopping rate that appears; at higher 
speeds, it is the stepping rate itself, or both. The driver is 
never required to deliver continuous DC (unchopped) to 
the motor winding, as it would to the armature of a brush- 
type DC motor at full speed. Consequently, QP never 
needs to be held in the ON state for more than a few mi- 
croseconds, and for this the time constant of C1 R4 is ad- 
equate. Also, resistor Ra in parallel with CR, together 
with the gate capacitance of QN, cause this transistor to 
turn off faster than it turns ON. Since the same thing is ~ 
done for QP, the problem of cross-conduction is neatly 
taken care of. The Zener diode CR3 serves as a clamp 
for the QP gate voltage. Finally, an inhibiting line, INH, is 
provided as a protection for QP and QN during the power 
turn-on time, when the + Vjy voltage is rising and C1 must 
be charged. An auxiliary circuit senses a positive dV)4/dt 
and holds the INH line low, thus keeping QN OFF during 
this time. 


An important point in favor of this arrangement is that the 
gate-drive circuit losses are independent of Viqy and so 
this voltage can be set anywhere within the Vds rating of 
the power MOSFETs. 


We can now consider. the H-bridge with its motor winding 
load, as shown in Figure 6. The bridge is shown schemati- 
cally with its driving circuits, but the action is still as 
shown in Figure 5. For example, when Vij is high, switch 
Si is OFF and S3 is ON, and so forth. Furthermore, the 
opposite side of the bridge is driven by the complementa- 
ry signal Vin. With Vin low, S1 and S4 will be conducting, 
and the load current ly will increase in the positive direc- 
tion (indicated by the +ly arrow). Similarly, when Vij is 
high, both S2 and S3 conduct, causing I, to increase in 
the negative direction. Remember that the load is induc- 
tive, and that inductance is an energy storing element. 
Therefore, if we have some positive ly, due to S1 and S4 
being closed, and we switch to S2 and S3 closed, the 
previous value of | will continue to flow “uphill,” so to 
speak, while decreasing. At the time of switching, this cur- 
rent ceases to flow down through sense resistor Rs4 to 
ground and starts flowing up through Rs3 and back to the 


supply. 


Switches S1 through S4 are able to conduct in either di- 
rection when in the ON state—a very neat feature of pow- 
er MOSFETs. Furthermore, their intrinsic diode protects 
the devices from reverse voltage pulses during the switch- 
ing no-overlap transition. Since we wish to control this 
current very closely in both magnitude and direction, it is 
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a: : Figure 6. H-Bridge Configuration with Bidirectional Current Sensing 


now necessary to generate a voltage Vc that gives an ac- 
curate indication of the current I,y over the full range from 
maximum positive to maximum negative. This is done by 
the. circuit section of Figure 6 which includes the op-amp 
Al. : 7 : 


In that circuit, the voltage Vos is meant to offset the out- 
put Vc of A1 to some chosen value that will correspond 
to Iy = 0. The value of Vc can be written as: 


(11) Vo = Vos + nivyRs 


This offset is necessary when the design requires a single 
polarity supply, as in our case. When two supply polarities 
are available for the control circuit, one can simply make 
Vos = 0. For the single supply case, the nR and Vos 
combination is implemented by a simple resistor divider 
from +Vcc to ground (a Thevenin equivalent) of the re- 
quired impedance and open voltage. 


To keep the circuit losses to a minimum, we should use 
low values for the sense resistors Rs3 and Rgq. Yet, they 
need to be accurate and temperature-stable. In our case, 
having decided on a Vc scale of 0.5V per motor ampere, 
we have selected Rg = 0.19 and a current sense amplifi- 
er gainn = 5. We have also set Vos = Vcoc/2 = 7.5V, 
so that we will have Vc = 7.5 + 0.5 ly. This means that 
as the current ly varies from +6A to —6A, the analog 
voltage Vo will vary from +10.5V to +4.5V. At Iy = 0, 
Vc will be equal to 7.5V. 
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SETTING UP THE PWM CONTROLLER 


Having designed the power output stage (H-bridge) and 
the current-sense circuit, we can proceed to the PWM 
controller (UC3637) and its external components. The de- 
vice itself has been described in great detail in its data 
sheet and in an application .note (Publication U-102, avail- 
able from Unitrode Integrated Circuits Corporation). 


In the present design, we use the UC3637 to generate the 
two H-bridge driving signals Vijyy and Vijy, at the device’s 
output pins 7 and 4, respectively. 


Figure 7 shows in block form the internal workings of the 
device. Since operation from a single + 15V supply is de- 
sired, pin 5 will be GROUND and pin 6 will be +15V. We: 
selected, for the ramp oscillator, a waveform as shown in 
Figure 8, which fits well in the +15V headroom given by 
our Vcc supply. The formulas given in Figure 8 show how 
the various components are calculated. 


Next, we set up the two PWM comparators by tying the 
inverting inputs (pin 10) of the A comparator, and the non- 
inverting input (pin 8) of the B comparator together and 
apply the ramp (pin 2) to this line. The remaining compar- 
ator inputs (pins 9 and 11) are next connected together to 
become the PWM input point. It can be seen from the 
block diagram of Figure 7 that as the control voltage ap- 
plied to this point varies from +5V to +10V, the duty cy- 
cle of the output at pins 4 and 7 also varies. V4 and V7 
are complementary signals; and the voltage swing of each 
of these signals is from a low value between OV and 
+ 2V, and a high value between (Vcc —2V) and Vcc. 
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f = ramp frequency 


V V 
r= 18 1 (should be about 0.5 mA) 
Rr Rr 
then, Rr = 2000 V, (Q) 
250 x 10-6 
Cr = ———_ (fd) 


(V1 — V3) 
Figure 8. Setting up the ramp oscillator requires only five external components. 
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Figure 9. PWM Transconductance Amplifier UC3637 


The error amplifier is used as a source for the control sig- 
nal. But because its output (pin 17) has a voltage range 
greater than the +5V to +10V range of the Vc ramp sig- 
nal, and we want to prevent the modulation range from 
ever reaching 0% or 100% (because of the capacitively 
coupled P-channel MOSFET devices) we add a simple re- 
sistive network consisting of three equal resistors to serve 
as an attenuator. The final result can be seen in the com- 
plete schematic of Figure 9. 


CURRENT LIMIT AND CONTROL 


The current limit feature of the UC3637 is used to protect 
the output transistors and motor from excessive current 
(6A in this case). As the block diagram of Figure 7 shows, 
the current limit comparator (pins 12 and 13) of the 
UC3637 is internally biased to a threshold of 200 mV. The 
network that connects the two sense resistors to pin 12, 
consisting of two 1K and one 3300 resistors, causes a 
voltage of 200 mV to appear at pin 12 when the voltage 
at either sense resistor is about 1V, corresponding to a 
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current of 10A. Consequently, the maximum output cur- 
rent will be limited to 10A. The current feedback loop is 
closed by feeding the output of the current sense amplifier 
to pin 16, the inverting input of the error amplifier of the 
UC3637. An RC time constant of 3.6 msec is used for the 
zero in this amplifier’s transfer function (equations 8, 9, 
and 10) which is close to the effective electrical time con- 
stant of the motor. Also, a level-shift circuit is provided by 
means of op amp A2 to permit the use of a control input 
centered at zero volts, and a control range from —6A to 
+6A. The circuit allows this even though the op amp is 
powered by a single positive supply. 


TEST RESULTS 


The design circuit, shown in Figure 9, was breadboarded 
for testing at Unitrode and also at Portescap. The assem- 
bly includes two amplifiers, one for each motor phase and 
a “power on” auxiliary circuit for protection of the power 
MOSFETs. The output devices are equipped with small 
sheet metal heat sinks. 


APPLICATION NOTE 


The circuit draws about 65 mA from the +15V supply. 
The power output section operates with a supply ranging 
from +20V to +60V, with no damage occurring if this 
voltage is lower than + 20V. 


The circuit performed very well, with excellent linearity and 
phase matching. The various plots taken, showing output 
current versus input voltage, are quite straight, and the 
transconductance is accurate to within 1%, Further- 
more, the PWM frequency was subsequently increased to 
slightly above 100 KHz (by reducing Cy) and the perform- 
ance re-checked. The result was a marked increase in 
motor efficiency, due to reduced current ripple, with all 
other results remaining excellent. 


Unitrode Integrated Circuits Corporation 
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CONCLUSION 


Microstepping is a technique of considerable interest in 
the design of many products, particularly those in which 
the lower cost of open-loop positioning is an essential pa- 
rameter. A motor such as Portescap’s Model P-750, with 
its accurately sinusoidal torque curve, becomes even 
more attractive once its microstepping driver is shown to 
be fairly simple and inexpensive. The end result is not 
only precise open loop positioning, but quiet operation, 
freedom from resonance problems, and excellent electri- 
cal efficiency. Incidentally, the motor is available with two 
quadrature speed sensing coils that can be used for 
speed and position control, if desired. 


7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 ¢ FAX 603-424-3460 


9-159 





INTEGRATED 


LI] CIRCUITS 


ae UNITRODE 
APPLICATION NOTE 


U-113 


‘DESIGN NOTES ON PRECISION PHASE LOCKED SPEED 
CONTROL FOR DC MOTORS 


ABSTRACT 


There are a number of high volume applications for DC 
motors that require precision control of the motor’s speed. 
Phase locked loop techniques are well suited to provide 
this control by phase locking the motor to a stable and 
accurate reference frequency. In this paper, the small sig- 
nal characteristics, and several large signal effects, of 
these loops are considered. Models are given for the loop 
with design equations for determining loop bandwidth and 
stability. Both voltage and current motor drive schemes 
are addressed. The design of a loop for a three phase 
brushless motor is presented. 


PHASE LOCKING GIVES PRECISION SPEED 
CONTROL 


The precise control of motor speed is a critical function in 
today’s disc drives. Other data storage equipment, includ- 
ing 9 track tape drives, precision recording equipment, 
and optical disc systems also require motor speed control. 
As the storage density requirements increase for these 
media, so does the precision required in controlling the 
speed of the media past the read/write mechanism. One 
of the best methods for achieving speed control of a mo- 
tor is to employ a phase locked loop. 


With a phase locked loop, a motor’s speed is controlled 
by forcing it to track a reference frequency. The reference 
input to the phase locked loop can be derived from a pre- 
cision crystal controlled source, or any frequency source 
with the required stability and accuracy. A block diagram 
of the phase locked loop is shown in Figure 1. | 


REFERENCE 
OSCILLATOR 






Kpp (VOLTAGE) 
Gpp (CURRENT) 


ROTATIONAL FEEDBACK 


0018-1 
Figure 1. Precise motor speed control is obtained by phase locking 
the motor to a precision reference frequency. 
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In Figure 1, a precision crystal oscillator’s frequency is 
digitally divided down to provide a fixed reference frequen- 
cy. Alternatively, the motor could be forced to track a vari- 
able frequency source with zero frequency error. The mo- 
tor speed is sensed by either a separate speed winding 
or, particularly in the case of the DC brushless motor, a 
Hall effect device. The two signals, motor speed and ref- 
erence frequency, are inputs to a phase detector. The de- 
tector output is a voltage signal that is a function of the 
phase error between the two inputs. The transfer function 
of the phase detector, Kg, is expressed in volts/radian. A 
1/s multiplier accounts for the conversion of frequency to 
phase, since phase is the time integral of frequency. 


Following the phase detector is the loop filter. This block 
contains the required gain and filtering to set the loop’s 
overall bandwidth and meet the necessary stability criteria. 
The output of the loop filter is the control input to the mo- 
tor drive. Depending on the type of drive used, voltage or 
current, the driver will have respectively, a Vourt/Vin 
transfer characteristic, or an Ioyt/Vin transconductance. 


At first glance, it seems that the motor has simply re- 
placed the Vco (voltage controlled oscillator), in the clas- 
sic phase locked loop. In fact, it is a little more complicat- 
ed. The mechanical and electrical time constants of the 
motor come into play, making the transfer function of the 
motor more than just a voltage-in, frequency-out block. In 
order to analyze the loop’s small and large signal behav- 
ior it is essential to have an equivalent electrical model for 
the motor. 


A SIMPLE ELECTRICAL MODEL FOR A DC 
MOTOR 


Figure 2 is an electrical representation of a DC motor. The 
terms used are defined here: 


Motor winding inductance in henrys 

Motor winding resistance in Ns 

Total moment of inertia of the motor in Nm-sec2 
(Note: 1 Nm = 141.6 0z-in) 

Motor torque constant in Nm/Amp 

Voltage constant (back EMF) of motor in voltage- 
sec/rad 

(Note: Ky = Kz in Sl units) 
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*N = Number of speed sense 
cycles per motor revolution 


Figure 2. This simple electrical model is useful for determining the 
small and large signal characteristics of the motor. 
Capacitor, Cy is used to model the mechanical energy 
storage of the motor. 


In this model the winding inductance and resistance ele- 
ments correlate directly with the corresponding physical 
parameters of the motor, with values taken directly off the 
manufacturer’s data sheet. The capacitor, Cy, models the 
mechanical energy storage of the motor. Current into the 
capacitor equates, via motor constant Ky, to motor torque, 
and the voltage across the capacitor is equal to the motor 
back EMF. The back EMF voltage equates to motor ve- 
locity through the inverse of Ky. In the model, the term N 
is simply a multiplier equal to the number of feedback cy- 
cles obtained per revolution of the motor. For example, in 
a 4 pole brushless DC motor the commutation Hall effect 
device outputs will be at twice the rotational frequency of 
the motor, making N equal to 2. 


The equation for the capacitor, given in Figure 2, has the 
units of Farads if J and Ky are expressed in Sl units. In 
modeling the overall transfer characteristic, it is important 
that the moment of inertia of the load on the motor be 
added to the moment of inertia of the motor itself. 


It is worthwhile to note that the current into the motor, mi- 
nus idling current, is proportional to acceleration of the 
motor. This is easily seen from the model by realizing that 
the time derivative of the capacitor voltage relates directly 
to acceleration. The effects of loads on the motor can be 
modeled by including a current source across the capaci- 
tor for constant torque loads, or a resistor for loads that 
are linearly proportional to motor speed. 


TRANSFER FUNCTIONS FOR VOLTAGE AND 
CURRENT DRIVEN MOTORS 


Using the electrical model, the small signal transfer func- 
tion of the motor is easily derived. Equations 1a and 1b 
give the small signal frequency response for both the cur- 
rent and voltage driven cases respectively. 


x N 1 
OMS) oN 


la 
) im(S) Ky sCy 
1b) N x wu(s) __ N 1 
va(S) Ky 1+ sCyRy + s2bLyCry 
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The transfer function given in equation (1a) describes the 
small signal response of motor speed, w)y(s), to changes 
in the drive current. Equation (1b) relates the mepencence 
of motor speed to motor drive voltage. 


The small signal response of the motor for the current 
driven case has a DC pole that results from the relation- 
ship of motor torque to velocity, that is, motor velocity is 
proportional to the integral of motor torque over time. In 
the current driven motor neither the winding resistance 
nor inductance appear in the transfer function. This is be- 
cause these elements are in series with the current 
source output of the driver stage. As long as the output 
impedance of the driver remains large relative to the im- 
pedance of these elements, the resistance and induc- 
tance of the motor will have a negligible effect on the 
small signal response. 


The voltage driven response has a second order charac- 
teristic that results from the interaction of the series RLC. 
In many cases the transfer function of the voltage driven 
case can be simplified. If the quality factor of the series 
RLC of the motor model is much less than one, as de- 
fined in equation 2, then the response of the motor can 
be accurately pista by equation 3. 


2) Ou = BV ee Pwd 


3) ForQyu < 1 
N X wm(s) _ N | 1 


vu(s) Ky (1 + SCR) (1 + sly/Reu) 
CONSIDERING THE WHOLE LOOP 


Figure 3 shows the complete speed control loop for the 
current driven case. The overall open loop response, 
Aotc: is easily written. 


Ka X Kie(s) X Gpp X N 
4) Ao.c(s) = 2 Ee 


s2Cyy X Ky 





0018-3 
*N = Number of feedback cycles per motor revolution 


Figure 3. In this phase locked loop, with current mode drive to the 
motor, the motor winding resistance and inductance can 
be ignored as long as the current driver maintains a high 
output impedance. 


9-161 





APPLICATION NOTE 


For this loop, note that there are two poles in the re- 
sponse ait DC, i.e., s =0. One pole is due to the response 
of the current driven motor, the second pole is from the 
frequency to phase transformation of the phase detector. 
The 180 degrees of phase shift this pair of poles intro- 
duce force a phase lead configuration of the loop filter in 
order to obtain a loop phase margin greater than zero. 


The complete veitage loop is shown in Figure 4, and its 
open loop response, Ao; \(s), in equation 5. 


Kg < Ke(s) X Kpp < N 
sKy X (1 + sCyRy + s2 LyCy) 


\ 





5) Ao tv(s) = 


Um = Kppeuc 
YC 





*N = Number of 
feedback cycles per 
motor revolution 


Figure 4. With voltage mode drive to the motor the electrical time 
constant of the motor plays a part in the small signal 
response of the speed contro! loop. 


This response has only one pole at DC, although the total 
number of poles is three versus two for the current driven 
case. For most motors, particularly those used in constant 
velocity applications, this transfer function can be simpli- 
fied by applying the results of equations 2 and 3. This is 
best illustrated by looking at an example. Consider the fol- 
lowing motor, (typical 3-phase brushless for disc drive ap- 
plications): 


Kien eh eta ee aeaeee er wa ee eet 1.5 X 10-2 Nm/Amp 


KY: co idasicateumentanieedants s+eee61.5 X 1072 V-sec/rad 
J (including platters) ................ 1 X 10-3 Nm-sec2 
FANG os CAEN eRe acdc ahe lL itetivee Mab iuaouwas 2.50, 
LIN hetvana pe ue ah ee Comds be ane euaceat eee uiaeaea ie alee 2 mH 
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For this motor, the model capacitor, Cy, is caiculated us- 
ing the equation in Figure 2 to be equal to 4.4 Farads. If 
we calculate the quality factor of the series RLC, using 
equation 2, we find it is equal to 42.4 x 10-3. This is 
considerably less than one, and the response closely ap- 
proximates the non-complex response of equation 3 with 
poles at 0.014 Hz and 199 Hz. 


Typical loop bandwidths will fall well inside this range of 
frequencies. As long as this is true, the loop response 
with a voltage driven motor can be approximated by: 


Ks < Kir(s) X Kpp/Ru X_N 


6) Aoxv(s) ~ s2OyKy 


If Qu < 1 and 





1 
27CuRo 


This expression is the same as the current driven re- 
sponse, equation 4, with the transconductance of the cur- 
rent drive stage, Gpp, replaced by the gain of the voltage 
drive stage divided by the motor winding resistance, 
Kpp/Rwe.- 


CLOSING THE LOOP 


When it comes to closing the loop the goal is to have a 
stable loop with the required loop bandwidth. The vari- 
ables that must be considered are: | 


1) The motor 

2) The power driver, type and gain 
3) The phase detector gain 

4) Loop bandwidth 

5) The loop filter 


The first four of the above variables are usually dictated 
by conditions other than the stabilizing of the loop. This 
leaves the loop filter as the tool for achieving the small 
signal loop requirements. 


For many cases involving constant velocity loops for DC 
motor speed control, the following simple Bode analysis 
can be applied for determining the design of the loop fil- 
ter. Assuming we know, or have preliminary guesses for 
the first four variables listed above, we can plot the Bode 
asymptotes for phase and gain of the combined response 
of the motor and power driver. Figure 5 shows, for a typi- 
cal case, such a plot on a frequency scale that has been 
normalized to the desired loop bandwidth, or open loop 
unity gain frequency. This figure illustrates the small signal 
open loop response for the current driven case, equation 
4, minus the response of the loop filter, KF. If the previ- 
ously noted assumptions hold, this plot will also ape to 
the voltage driven case i.e., equation 6. 
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Figure 5. A Bode plot of the combined gain and phase response of 
the motor, motor drive, and phase dectector is useful in 
determining the requirements on the loop filter. This plot 
is normalized to the desired open loop unity gain 
frequency. 


From Figure 5 two restrictions on the loop filter are readily 
apparent. First, since the remaining portion of the loop 
has 180° of phase shift over the entire frequency range, 
the loop filter must have a phase lead at the unity gain 
frequency and at all frequencies below the unity gain fre- 
quency. By meeting this restriction the small signal loop 
will be unconditionally stable. 


Secondly, in order to achieve the desired loop bandwidth, 
the loop filter must have a voltage gain at the desired uni- 
ty gain frequency of 30 dB. This level is simply the inverse 


of the remaining loop’s voltage gain at the unity gain fre- 


quency. 


A loop filter configuration that will meet these restrictions 
is shown in Figure 6. Also shown in this figure is the small 
signal response equation for the filter. The response 
starts out from DC with a flat inverting gain that breaks 
upward at the zero frequency, wz, and then flattens out 
again at the pole, wp. The pole in this response is neces- 
sary to prevent excess feedthrough of residual. reference 
frequency that is present at the outputs of many digital 
type phase detectors—in fact, as will be discussed in the 
design example, a separate reference filter is normally re- 
quired. 


A good choice for the relative positioning of the pole and 
zero of the loop filter response is to space them apart by 
1 decade of frequency, and center them around the unity 
gain frequency. Figure 7 shows the Bode plots of this sug- 
gested positioning applied to the case illustrated in Figure 
5. As shown, a phase margin of about 45° is obtained with 
this configuration. 


9-163 


U-113 





: 0018-6 
YOUT/g) — _ ~Re y 1+ s/wz 
VIN Ry 1+ s/wp 
1 
oz = 


(Ry + Ra) Cy 
1 

op 

e RoC 

Figure 6. This loop filter configuration provides the required phase 

lead and gain at the loop crossover frequency. 
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Figure 7. Using tt the criteria set forth for the design of the loop 


filter, the resulting Bode plot indicates a phase margin of 
45°. 


If the above results are acceptable, then the following 
simple steps can be applied to pick the loop amplifier 
component values. Referring to Figure 6. 
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1) Pick Rg to be as high in value as acceptable for the A DESIGN EXAMPLE 


Op-Amp and board restrictions. — 
As an example, let us take a look at the complete design 


2) Ry = (Rg X 3.33)/10X/20, where X is the voltage gain, of a constant velocity speed control loop for a disc drive 
in dB, required at the unity gain frequency. application. The performance characteristics for the circuit 

3) Ro = R;,/9, sets a 10:1 ratio for wp to wz. can be summarized ay | 
4) Cy = (29 X Ro X 3.33 "i fi, where f,, is the loop Motor speed sateen eee ees 3600 rpm +60 ppm (0.006%) 
unity gain frequency. . M Speed stability ........ Sowth Gine saaeniensaetey < +50 ppm 
Start-up lock time ........... 2. cee eee eee eee 10 seconds 
Using this simple procedure the small signal neo? is easily Input voltage .................06. sign anes Jauwe 12 Volts 
closed for stable static operation. Motor idling current .............. rere era 0.5 Amps 


The schematic for this design is shown in Figure 8. The 
motor is a 4 pole 3-phase brushless with the electrical 
and mechanical specifications given in the figure. The mo- 
tor is current mode driven with the UC3620 3-phase 
Switchmode Driver. The speed control function is realized 
with the UC3633 Phase Locked Controller. 
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Figure 8. A precision speed control loop uses the uc3620 Switchmode 3-phase Driver and the UC3633 Phase Locked Controller to spina DC 
brushless motor at 3600 rpm, +60 ppm. 
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POWER DRIVER STAGE 


In Figure 9 a detail of the driver IC and the associated cir- 
cuitry is shown. The UC3620 is a current-mode, fixed off- 
time, chopper. Three 2-Amp totem pole output stages with 
catch diodes drive the three motor phases. The outputs 
are enabled by the internal commutation logic that re- 
sponds to the three Hall logic signals from the motor. The 
motor is equipped with open collector Hall devices making 
the three 10k pull-up resistors on the UC3620 Hall inputs 
necessary. 


Current is controlled by chopping the lowside drive to the 
phase winding under the command of the UC3620’s cur- 
rent sense comparator. The RC combination on the timing 
pin of the driver sets the off-time at 22 ys. This results in 
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a chopping frequency of well over 20 kHz under normal 
operating conditions. 


The transconductance of the driver is set by the value of 
current sense resistor used at the emitter pin of the 
UC3620. With a value of 0.20 the transconductance from 
the error amplifier output to the driver outputs is 1 Amp/ 
Volt. The UC3620 error amplifier is configured here as a 
unity gain buffer, thus the drive control signal is applied at 
the non-inverting error amplifier input with the same over- 
all transconductance. An internal 0.5V clamp diode at the 
current sense comparator input results in a 2.5 Amp maxi- 
mum drive current. There is a 1V offset internal to the 
UC3620 that is reflected to the drive control input at zero 
current. This offset combines with the 0.5 Amp idling cur- 
rent level of the motor to set the steady state DC voltage 
at the driver control input to be 1.5V. 
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Figure 9. The UC3620 is a current mode fixed off-time driver. This device includes all the drive and commutation circuitry for a three phase 
brushless motor. The 0.229 current sense resistor and the internal divide by five sets the transconductance of this power stage to 1 


Amp/Volt. 
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Figure 10. Phase locking the motor to a precision reference frequency is achieved with the UC3633. The double edge sensing option on this 
device doubles the loop gain and allows twice the reference frequency to be used for a given motor RPM by forcing the phase 
detector to respond to both edges of the Hall feedback signal. , 


PHASE LOCKED CONTROL CIRCUIT 


A detail of the phase locked control portion of the design 
is given in Figure 10. The UC3633 contains ail of the cir- 
cuitry required for this function including: a crystal oscilla- 
tor, programmable reference dividers, a digital phase de- 
tector, and op-amps for the required filtering. The UC3633 
receives velocity feedback from the Hall signal applied at 
its sense amplifier input pin. The sense amplifier has a 
small amount of hysteresis that provides fast rising and 
falling input edges to the following logic. A double edge 
option is available on the UC3633 sense amplifier. When 
this option is enabled, as it is in this design, the phase de- 
tector is supplied with a short pulse on both the rising and 
falling edges of the feedback signal, effectively doubling 
the loop gain and reference frequency. 


_ The required reference frequency for this loop is 240 Hz, 
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given by the product of the motor rotation of 3600 rpm 
(60 Hz), the number of cycles/revolution at the Hall out- 
puts (two for a 4 pole motor), and a factor of two as a 
result of the double edge sensing. The divider options on 
the UC3633 are set up such that standard microprocessor 
crystals can be used. In this instance, a 4.91520 MHz 
(+50 ppm) AT cut crystal is divided by 20,480 to realize a 
240 Hz reference frequency input to the phase detector. 


The phase detector on the UC3633 responds to phase 
differences at its two inputs with output pulses at the ref- 
erence frequency rate. The width of the pulses is linearly 
proportional to the magnitude of the phase error present. 








APPLICATION NOTE U-113 
ij 
(ONE PERIOD 
OF REFERENCE 
FREQUENCY) 

5y ——__—_— Se = eens ere 
PHASE DETECTOR OUTPUT, 
(SENSE AMPLIFIER INPUT 

2.5V — = — — LEADING REFERENCE 
T FREQUENCY INPUT 
— 4 -— BY 90 DEGREES) 

OV 

5V 
PHASE DETECTOR OUTPUT, 
(SENSE AMPLIFIER INPUT 

2.5V — — — = — p—— } TRAILING REFERENCE 

FREQUENCY INPUT 
BY 90 DEGREES) 

ov— —__— Sa aes on — 

0018-11 


Figure 11. The phase detector on the UC3633 is a digital circuit that responds to phase error with a pulsed output at the reference frequency 
rate. The width and polarity of the pulses depend respectively on the phase error magnitude and polarity. If any static frequency 
error is present, the detector will respond with a constant 0 Voit or 5 Volt signal depending on the sign of the error present. 


The pulses are always 2.5V in magnitude and are refer- 
enced to 2.5V at the detector output. The polarity of the 
output pulses tracks the polarity of the input phase error. 
This operation is illustrated in Figure 11. The resulting 
phase gain of the detector is 2.5V/27r radians, or about 
0.4V/rad, with a dynamic range of +277 radians. 


The phase detector also has the feature of absolute fre- 
quency steering. If any static frequency error exists be- 
tween the two inputs, the output of the detector will stay 
in a constant high, or low state; 5V, if the feedback input 
rate is greater than the reference frequency and OV, if the 
opposite frequency relationship exists. The lock indicator 
output on the UC3633 provides a logic low output when 
any static error exists between the feedback and refer- 
ence frequencies. 


A unity gain bandwidth of 4 Hz was chosen for this loop. 
This unity gain frequency is well below the effective sam- 
pling frequency, the 240 Hz reference, and is sufficently 
high to not significantly affect the start-up lock time of the 
drive system. The design of the loop filter follows the 
guidelines described earlier. The magnitude of the loop 
gain, minus the loop filter, at 4 Hz is equal to: 


Ks X Gpp XN _ __(0.4)(1)(4) 
(2arf)2 XCyXKy — (2774)2(3.1)(0.022) 


= 37.2 E-3 or —28.6 GB. 
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This dictates that the loop amplifier has a gain of 28.6 dB 
at 4 Hz. A value for the loop amplifier feedback resistor, 
R3, of 2 MQ was chosen. The values for Ry, Re and C; 
were calculated as follows. 


R1 = (2E6 X 3.33)/1028.6/20 = 248 kM (270 k®. used). 
Ro = 270/9 = 30 kn 


Cy = (2m X 30E3 Xx 3.33 x 4)-1 
= 0.4 pF (0.47 F used). 


The additional op-amp on the UC3633 is used to realize a 
second order active filter to attenuate the reference com- 


- ponent out of the phase detector. The filter is a standard 


quadratic with a natural frequency of 17.2 Hz and a Q of 
about 2.3. This circuit provides 46 d8 of attenuation at 
240 Hz while adding only 5° of phase shift at the 4 Hz 
loop crossover frequency. In Figure 12 design guidelines 
and response curves for this filter are given. 
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Reference Filter Configuration 
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Reference Filter Design Aid—Gain Response 
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Figure 12. To keep feedthrough of the residual reference frequency at the phase detector output to a minimum, a simple quadratic filter can be 
used. The design of this filter is easily accomplished with the above equations and response curves. 


As mentioned earlier, a separate reference filter is re- 
quired in this type of phase locked loop to attenuate the 
reference frequency feedthrough at the output of the 
_ phase detector. With the active filter following the phase 
detector, the feedthrough to the loop amplifier is kept to 
less than 20mMVpp) under the worst case condition of 
+ 7r(180°) phase error. This is small compared to the 
1.25V DC signal out of the detector at this phase error. If 
the reference ripple into the loop amplifier becomes large 
compared to the averaged phase error term, large signal 
instabilities may result. These are primarily the result of 
the unidirectional nature of the motor drive. 
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The static reference ripple at the motor drive input, during 
phase locked conditions, can be minimized by forcing the 
loop to lock at zero phase error—at zero phase error 
there is no reference frequency component at the detec- 
tor output. The finite DC gain through the loop filter, dic- 
tated by the inherent second order nature of the loop, re- 
sults in a static phase error that.is a function of: the DC 
level required at the motor drive input, the DC gain and 
reference voltage of the loop amplifier, and the voltage 
levels out the phase detector. The addition of resistor R4, 
see Figure 10, from the loop amplifier’s inverting input to 
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the 5V reference sets the zero phase operating voltage at 
the loop filter output to 1.5V. This matches the nominal 
operating voltage required at the UC3620 control input, 
taking into account the 0.5 Amp idling current of the mo- 
tor and the 1V offset of the driver. This cancellation is 
subject to variations due to shifts in DC operating levels, 
so, while it does significantly reduce static reference feed- 
through, it can not be expected to reliably set exactly zero 
phase operation. 


The oscilliscope traces in Figure 13 show the Hall input to 
the UC3633 along with the output waveform of the digital 
phase detector under static phase locked conditions. No- 
tice that the phase detector output is alternating between 
positive and negative output pulses. This is a result of a 
slight asymmetry on the Hall input signal in conjunction 
with the use of the double edge sensing being used. In 
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this case, the asymmetry is due to differences in the rising 
and falling edges of the Hall signal that result from the RC 
filter at the sense amplifier input. This filter is required to 
keep high frequency noise from the motor drive out of the 
phase detector. 


The startup response of the motor is pictured in Figure 
14. Shown are the voltage waveforms at the lock indicator 
output, the loop amplifier output, and the phase detector 
output of the UC3633. At the moment the lock indicator 
goes high the motor has reached its operating velocity. 
The absolute frequency steering of the phase detector 
forces a slight overshoot in frequency that delays the set- 
tling of the loop by about 1 second. Without the frequency 
steering feature the phase detector would command a 
much lower average drive signal during startup, extending 
the start time by over 50%. 
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Figure 13. This oscilloscope trace shows the static waveforms at the . 0018-16 
Hall sensor input, and phase detector output of the Figure 14. The startup lock time of the motor is minimized with the 
UC3633. The static phase error has been adjusted, with R, absolute frequency steering feature of the phase 
in Figure 10, to be very small. The alternating positive and detector, keeping lock times under 10 seconds. 
negative pulses at the output of the phase detector is due 
to an asymmetry in the Haii signal. 
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APPLICATION NOTE 


UC 3841 PWM CONTROLS 
300 WATT OFF-LINE POWER SUPPLY 


by Bill Andreycak 
UICC Application Dept. 


INTRODUCTION 


With the introduction of the UC3841, Unitrode has 
provided a control chip uniquely optimized to implement 
primary side control for a broad range of power supply 
applications. This form of control requires significant 
programming and fault protection intelligence over and 
above the requirements for merely regulating an output 
voltage. These are included in the UC3841 in the form 
of over-voltage, under-voltage, and over-current 
sensing, in addition to low-current start-up, feed-forward 
line regulation, duty cycle limiting, slow turn-on, and 
optional fault latch- off. 


Although all of these features are important to most 
off-line power supplies - and are incorporated in the 
design described herein - it is beyond the scope of this 
paper to discuss the inner workings of the control circuit. 
Rather, the reader is referred to the UC 1841/3841 data 
sheet and to Unitrode Application Note U-91 describing 
its predecessor, the UC1840 for details of the IC 
implementation. This note describes the use of the 
UC3841 as the controller in a typical application - a 300 
watt off-line powet supply. 


TOPOLOGY OVERVIEW 


A buck-derived, two transistor forward topology was 
selected for this example for several important reasons: 
two 400 volt transistors are typically much less 
expensive than one 800 volt unit; peak currents and 
ripple are much less than with a flyback configuration; 
clamping is done to the bulk DC lines eliminating the 
need for dissipative high-voltage snubbers; and 
transformer reset is automatic requiring only a 50% 
maximum duty cycle limitation. The basic power stage 
configuration and typical operating waveforms are 
shown in Figure 1. 


While the UC3841 is compatible with either voltage or 
current mode control, this design is a voltage-mode 
configuration which takes advantage of the UC3841’s 
controlled PWM ramp waveform to accomplish fast 
feed-forward line regulation while also guaranteeing an 
absolute 50% maximum duty cycle clamp. 


SWITCHING FREQUENCY 


A design decision of equal importance to the power 
topology is the choice of switching frequency. For this 
example, 200 kilohertz was selected as an optimum 
compromise between minimizing the sizes of the 


magnetic and storage components and achieving a high 
overall efficiency. This frequency is high enough to keep 
the number of transformer turns low and yet not so high 
as to incur significant switching or core losses. Standard 
commercial devices were used throughout to 
demonstrate the cost effectiveness of this design. 


DESIGN SPECIFICATIONS 


The specification goals which were established - and 
met - for this design example are the following: 


Input voltage (110 VAC input) = 85 min, 135 max VAC. 
Input voltage (220 VAC input) = 170 min, 275 max VAC 7 
AC line frequency = 50 Hz min -- | 
DC bulk voltage = 200 min, 385 max VDC _ 

Output voltage = 15 volts _ 

Output current = 20 amps max continuous 

Switching frequency = 200 kilohertz 

Line regulation = 10 mV 

Load regulation = 10 mV 

Output voltage ripple = 100 mV pk-pk, DC to 20 MHz 


Efficiency = 85% at full load 


CIRCUIT OVERVIEW 


The complete schematic for this 300 watt power supply 
is shown in Figure 2 but before discussing the details of 
the design, it is instructive to understand the overall 
approach. 


The design starts with a 110 volt input voltage doubler 
for a nominal 290 volt DC main allowing either 110 or 
220 volt operation. The control and drive circuitry are 
configured for low start-up current so that starting 
energy is accumulated in a low voltage capacitor, C10 
in Figure 2, which is charged from the high-voltage bulk 
DC through a large-valued resistor, R2. After starting, 
the higher operating currents of the control and drive 
circuits are supplied from an efficient low-voltage 
winding on the power transformer. This would normally 


~ be a separate primary-referenced axillary winding and 


isolation would be incorporated in the feedback path for 
output voltage control. For this example, isolation was . 
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TWO-TRANSISTOR FORWARD CONVERTER 
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Figure 1. Basic power topology and typical waveforms for the Two-Transistor Forward Converter 
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ignored and operating power after start-up was taken 
from the 15 volt output - a simplification which can easily 
be remedied using common techniques which will not 
affect the remaining design. 


The UC3841 provides the means to sense adequate 
energy in the start-up capacitor and initiate the turn-on 
sequence. It then activates the UC3707 Driver which 
boosts the PWM output from the UC3841 to a high peak 
current, source/sink drive command. 


This signal is level-shifted by transformer T1 and applied 
simultaneously to the gates of the two power MOSFET 
switching devices, Q2 and Q3. These two FET’s drive 
the power transformer, T2, in the forward direction with 
reset provided by D6 and D9. 


Additional features which are incorporated in this design 
include slow turn-on - both initially and after fault 
shutdown, over-voltage and over-current shutdown, 
pulse-by-pulse current limiting for light overloads, feed 
forward for fast line regulation, and a maximum duty 
cycle clamp. 


CIRCUIT DESIGN DETAILS 
INPUT STORAGE CAPACITANCE 


The amount of input, or bulk storage capacitance for a 
given power supply design will be determined by the 
more stringent of three separate requirements: 


1.Maintaining a minimum DC bulk voltage as the 
input Capacitor supports the converter between 
AC cycles. 


2.Providing a minimum hold-up time for operation 
after loss of the AC line voltage. 


3.Meeting the requirements for AC RMS charging 
current. 


In this case, the value was calculated to support the 
primary voltage between AC cycles to a minimum of 200 
VDC. Ina dual voltage system, the most stringent case 
is the doubler configuration where there is a 180 degree 
phase shift between the voltage waveforms on each of 
the series capacitors. The minimum DC bulk voltage is 
then the sum of the minimum voltage on one series 
capacitor plus the average voltage on the other. The 
value of each capacitor is calculated from the following 
formula: 


Output power 
_ Efficiency x AC frequency x (Vc peak? - Vc min?) 





C1=C2= 


Where, in this example, 
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AC frequency = 50 Hz, 

Vc peak = ( 80 x 1.414) - Vd =115 V, and 

Vc min = .33 ( 2 x 200 - Vc peak ) = 95 V 

which determines a value for C1 and C2 of 1680 


microfarads each. This was actually implemented as 
shown in Figure 2 by four 1000 uF units, C1 through C4. 


PRIMARY AND SECONDARY CURRENT 


An estimate of the maximum primary and secondary 


currents is needed to select the power switches, diodes, 


and transformer wire sizes. A first-order approximation 
can be calculated from the equation: 
Output power 
Efficiency x Input voltage x Max duty cycle 
300 
~ 0.85 x 200 x 0.50 





lpeak = 





= 3.52 Amps 


For rectangular wave forms, RMS currents. are 
calculated by multiplying peak current by the square 
root of the duty cycle yielding 2.5 Amps of primary 
current and 14 Amps for the secondary winding. 


MOSFET SELECTION 


As described in the Topology section, one advantage of 
the two-transistor forward converter is that the 


-maximum voltage on the power switches does not 


exceed the peak input voltage. In this example, it allows 
the use of 500 Volt IRF 840 power MOSFETs which 
have a fairly low on resistance of 0.8 ohm, more than 
adequate current capability, and are available in plastic 
TO-220 packages. Heatsink requirements can be 
calculated by starting with the DC losses: 


P loss = Ip peak? x Rds on max x D max 


Extrapolating the maximum Rds on value for the IRF 
840 to a junction temperature of 110°C yields 1.75 ohms 
which means a DC loss of 10.8 watts. Rounding up to 
12 watts to include switching losses means that with a 


‘maximum ambient temperature of 70 °C, the junction 


will stay below 110 °C if the total thermal resistance, 
including the 1.0°C/W of the TO-220 package, is held 
to less than 3.3°C/W. 


RESET DIODES 


Since the current through the reset diodes, D9 and D10, 
returns to zero when the core completes reset, diode 
reverse recovery time is not critical. Forward turn-on 
time is still important, though, in order to catch the 
transformer energy when the power switches turn off, 
but this is a much simpler problem and UES 1106 
rectifiers are more than equal to the task. 
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Figure 2. Overall schematic for a 300 watt, off-line power converter using the UC 3841 for control 
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TRANSFORMER DESIGN 


As a general guideline, operation at higher frequencies 


usually produces a transformer design which is core «| 


loss, rather than flux swing, limited. Under these 
conditions, it is best to start with the core area-product 
calculation using the formula: 

Pin x 104 
120 K 2f, 





‘58 | | 
x (Kh f + Ke f2) “cm* 


AP = AwAe -( 


where: 
Pin = Input Power = 353 Watts | 
K= Winding Factor = .141 (for a fwd conv) 
ft = Transformer Frequency = 200 kHz 
Kh= Hysteresis Coefficient = 4 x 10° (3C6A) 


Ke = Eddy Current Coefficient = 4 x 10°'° (3C6A) 


For this design, the area-product calculates to 2.9 cm‘ 
allowing a comfortable selection of an ETD-44 ferrite 
core made of 3C6A material. Core selection is typically 
an iterative process with the first core choice used. to 
define the windings which, in turn, allows calculation of 
both winding and core losses. If these answers are not 
acceptable, another core size is selected and the 
process repeated. | 


The manufacturer defines the ETD-44 core as having a 
volume of 18.0 cm? and a thermal resistance of 12°C/W. 
Selecting 40° C as a reasonable limit for the maximum 
temperature rise of the transformer and recognizing that 
core loss will be an important factor, an arbitrary starting 
point for the transformer design is to allocate 30°C to 


the core and 10°C to the copper. With this assumption, 


the core power density can be calculated from: 


Temp rise | 
Power Density = E - = 140 mW/cm? 
Therm Resist x Volume 





The manufacturer’s curves of core losses for the 3C6A 
material at an operating frequency of 200kHz show a 
corresponding peak flux density of approximately 600 
Gauss which equates to a peak-to-peak value of 1200 
Gauss, or 0.12 Tesla. Additional data needed to 
calculate the primary turns are the primary voltage, Vp 


= Vin - Vsat, and an estimate of the maximum duty cycle | | 
which, to provide some margin, is initially set at 0.47. — 


With these inputs, the primary turns are defined by: 


Vp x Tonx10* 
Flux swing x Core area 





Np min = 


190 x 2.35x10%x10* — __ 
= = 21.3 turns 
12x 1.74 | | 
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The transformer turns ratio is defined as: 


Np  Dmaxx Vp 


Ns  Vo+Vd 





190 —. 
= Dmax x = 12.025 Dmax 
15.8 | 
At this point, there are two considerations to balance: 
The desire to make Dmax as close to 0.5 as possible so 


that the peak current is low, while keeping the number 
of turns to low, whole numbers. For this example, the 


best choice is 


Np . 22 Turns 


Ns 4 Turns 





and Dmax = 0.46. 


With this duty cycle, the peak primary current can be 
more accurately calculated as 3.84 Amps with an RMS 
value of 2.6 Amps. 


The remaining transformer calculations are 
summarized below: 


Primary inductance, Lp = Al x Np* = 1.26 mH 


Magnetizing current, Im = Vp x Ton/Lp = 347 
mA (peak) 


Primary conductor area, Axp = Ip rms / 450 = 
.00578 cm* min 


Secondary conductor area, Axs = Is rms / 450 = 
.0301 cm* min — 


While the primary wire area corresponds to a wire size 
of AWG 19, and the secondary is equivalent to AWG 12, 
both have. to be evaluated in terms of their active area 
at 200 kHz. From Eddy Current calculations it can be 
determined that the depth of penetration of current at 
200 kHz is .017 cm which does not effectively utilize the 
.091 cm diameter of AWG 19 wire. While multiple 
strands of finer wire help, increasing the number of 
strands also increases the number of layers which 
forces the wire thickness to be substantially less than 
the penetration depth in order to minimize the AC loss. 


Amore effective solution - which is made more practical 
because of the relatively few number of turns - is the use 
of flat copper strip. For the primary, a strip .0044 cm 
thick (approximately 2 mils ) and 2.5 cm wide was 
insulated with 2 mil mylar between each turn and wound 
in two sections - eleven turns under and eleven turns 


~ over the secondary. The secondary was also made of 


copper strip, in this case .020 cm thick. Across section 


_ sketch of the transformer winding technique is shown in 


Figure 3. 
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Figure 3. Cross section of one-half of the power transformer illustrating the strip winding techniques which minimize 


both Eddy Current losses and leakage in ductance. 


With the windings defined, the total transformer losses 
may be calculated as follows: 7 


Core loss = Power density x Volume = 2.52 Watts 


Copper ohm-cm x ave cm/turn x Np 
Strip cross-section area 


2.29 x 10°x 7.6 x 22 eae 
= = 35 milliohnm 
.0044 x 2.5 





Primary resistance = 





Wire loss (prim) = Ip rms? x Rp = 0.24 Watts 


2.29 x 10°x7.6x4 
020 x 2.5 





Secondary resistance = = 1.39 millionm 


Wire loss (sec) = 0.26 Watts 
Total power loss = 2.52 + 0.24 + 0.26 = 3.02 Watts 


Temperature rise = 3.02 W x 12 °C/W = 36 degrees. 


GATE DRIVE TRANSFORMER 


Since both the number of turns and the currents are 
small for this gate drive transformer, a toroidal core 
shape is an efficient solution and the core selected was 
the Ferroxcube 846T250 made of 3C8 ferrite material 
with an outside diameter of 0.875 inches. The design 
equations and guidelines are similar to the power 
transformer example. In this case, the primary winding 
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is capacitively coupled to the driver IC to prevent core 


saturation. Because of the DC offset voltage on the 


capacitor, the primary voltage will now be to some extent 
dependent upon pulse width. A step-up turns ratio was 
used to the secondary with 15 volt zener clamps to limit 
the gate-to-source voltage on each FET. Twelve turns 
were used for the primary resulting in a 500 Gauss flux 
swing. Each secondary winding consists of 18 turns 
and the total core loss is calculated at 0.13 Watt. 


OUTPUT INDUCTOR 


The output inductor was designed for less than 1.8 
Amps of ripple current at full load and minimum duty 
cycle using the equation: 





___ Wo + Vd) x Tot | 











A lo max 
and from: 

- Vin min 200 
Dmin = Dmax x = 0.46 x —— =0.239 and 
| Vin max 385 

1- Dmin 0.761 
Toff max = = = 3.81 us 
f, 0.2 MHz 
the inductance value is then defined as: 
; 81 
L= ey — = 33.4 uH Min 





APPLICATION NOTE 


Selected for this application was an ETD type core 
made from 3C8 material. This material was chosen 
because of its high saturation flux density of greater than 
3000 gauss. Here again, it is necessary to determine 
whether the design will be core loss or saturation limited 
but since this is a forward converter with the inductor in 
the continuous mode, the AC ripple current is a small 
percentage of the DC load current and the core should 
be saturation limited. 


The core selection process again starts with a 
calculation of window - area product using the equation: 


L x Ipk x Ifl x 10* \ 13! ee 
420 x K x Bmax 





AP = AwAe = ( 





-6 104 1.31 
ease K25x20x10\" 
420 x 0.7 x 0.3 


With this AP value, an ETD-39 core was selected with 


a value of Ae = 1.25cm*: The minimum number of turns » 


can then be calculated from: 


L x Ipk x 10° 
Nmin = —— = 23 Turns 
Bmax x Ae 


The gap length is then calculated using the classic 
inductance formula: 


u xu xN?x Ae x 10? 
Ig = ear, aaa =0.219cm 


with Uo = 4 =x 10’ and ur = 1. To obtain the desired 
inductance, however, the actual gap must be almost 


twice as large to account for the fringing field which is - 


Not included in the above formula. 


This inductor was also wound with copper strip but in 
this application the task is easier as neither Eddy 
Current losses nor space for high-voltage insulation 
need be considered. A strip 2.5 cm wide of 10 mil ( .025 
cm ) copper was used which, with a mean turn length of 
6.7 cm, gave a DC resistance of 


2.29 x 10°x 6.7 x 23 


= 5.65 mohms 
0.025 x 2.5 





and a power loss at full load of 2.26 Watts. 


OUTPUT CAPACITOR 


There are two sources of ripple voltage which need to 
be considered in meeting the design goal of 100 
millivolts and they are both caused by the inductor ripple 
current. The first is merely 


AVo=AQ/Co 


and, for a given ripple current, is minimized by 
increasing the capacitor value. The minimum 
capacitance, if this was the only contributor, is . 
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1xAlox1x1 

2x 2x 2fx AVo 
1.8 

~ 8 x 200k x 0.10 


Cout min = 


= 11.25 microfarads 


The second source of ripple voltage is the voltage drop 
across the ESR of the capacitor caused by the ripple 
current. The maximum ESR allowable for 100 mV ripple 
is 

ESR max = 100 mV:-/1.8A = 56 mohms. 

The two contributors of ripple voltage do not add directly 
as there is a 90 degree phase difference between them. 
Typically, in order to achieve a reasonable ESR, the 
Capacitance value becomes so much greater than the 
minimum value that the A Q / Co term can be ignored. 
An added benefit of a large output capacitance is the 
improvement in load transient capability. 


For this design, two 470 uF electrolytic units were used 
in parallel to achieve an ESR value of 3 to 15 mohms - 
a broad range necessitated by the difficulty in getting 
specified high-frequency data from capacitor 
manufacturers. 


A final component added to the output filter is a good, 
high-frequency capacitor to bypass the inductive 
components of the electrolytics and shunt any switching 
spikes which might get to the output. A 1.0 uF ceramic 
monolythic capacitor is a a good selection for this 
application. 


OUTPUT RECTIFIERS 


The output diodes need to be able to handle the output 
current of 20 Amps, have 150 Volt reverse capability, 
and be extremely fast. Unitrode UES 703 rectifiers were 
selected for this application because of their 35 nsec 
reverse recovery specifications, as well as their low 
forward drop of 0.8 Volts max. Since one of the output 
diodes will always be conducting, it is advisable to 
mount both on the same heatsink designed to dissipate 
approximately 16 Watts with a 30 °C temperature rise. 
This will keep the junction temperature below 100 °C in 
a 70 °C ambient. 


PROGRAMING THE CONTROL FUNCTIONS 


With the completion of the power path design, the 
remaining tasks all relate to programing the many 
functions of the UC3841. In the interests of readability, 
the description which follows is a somewhat qualitative 
discussion of the methods for implementing the 
functions rather than a rigorous derivation of each 
component's value. Again, reference to the UC3841 


data sheet is necessary for detailed specification limits 


and tolerances. 


APPLICATION NOTE 


POWER SUPPLY START UP 


When line voltage is first applied, the UC3841 is in its 
OFF state and draws less than 5mA from the line 
‘through R1 and R2. While there is an additional 2.4 mA 
due to the various programing resistors, the UC3707 
draws no current as it is powered from the Driver Bias 
output of the UC3841 which is off during start up. 
Therefore, resistors Ri and R2, which are necessary 
anyway to discharge the bulk storage capacitors, can 
easily provide the current to charge the start up 
capacitor, C10, without the power dissipation which 
would require complex circuitry to disconnect them after 
Start up. 


The resistor divider of R5 and R6 performs two 
functions. The ratio of these resistors determines the 
actual turn-on voltage at C10 while their effective series 
impedance provides hysteresis such that turn-off occurs 
at a lower level than turn-on. In this circuit, the turn-on 


U-114 


voltage is 17V and the hysteresis is 3.5V. This means 
C10 will charge to 17V while most of the circuit is off. 
When turn-on is initiated, the added load of the driver 
will cause this voltage to decay and it will fall either to 
14.4V where the power supply output will catch it 
through D2, or, if start up does not take place, to 13.5V 
where the control will turn off and start a new cycle. 


Prior to turn-on, and after a low-voltage turn off, the 
Soft-Start capacitor, C14 on Pin 8, is clamped low. At 
turn on, although the Driver Bias immeadiatly activates 
the UC3707, no power pulses are generated while Pin 
8 is low. As C14 charges, PWM commands begin and 
the pulse width increases with a rate of increase defined 
by the time constant of C14 and R17. This time constant 
needs to be selected remembering that while start up is 
taking place, all the drive energy is coming from C10 so 
the charge of C14 has to be faster than the discharge 
of C10. These waveforms are shown in perspective in 
Figure 4. 


START-UP WAVE FORMS 


+Vin 
PIN 15 

DRIVER 

BIAS 

PIN 14 


V SOFT 


START | a 
PIN 8 


PWM 
OUTPUT . 
PIN 12 
15V 
VouT 
0 


CONTROL 
POWER 
SOURCE 


PRIMARY }-————-c10 CAPACITOR Sse lol ae 


SOFT START Le END 
START CHG —| }+-—— PWM CONTROL ——+| CHG 


STATUS 


VOUT — ZERO V —-—~»fe— RISING VOLTAGE ———>|— REG: 15V —> 


Figure 4. Initial start-up waveforms showing the slow turn on of the power output stage. 
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APPLICATION NOTE 


OSCILLATOR AND RAMP 


The UC3841. operates at a fixed frequency determined 
by R9 and C6 on Pin 9. The pulse width modulation is 
performed by comparing the Error Amplifier’s output to 
a separate ramp waveform generated on Pin 10. The 
slope of this ramp is given a minimum value by R15 
charging C11 from the 5.0V reference. These 
components define a rise time of 2.5 usec and thereby 
establish a maximum duty cycle clamp of 47 percent. 
The network of Q1, R14, and R16 sense the DC bulk 
voltage and provide an increasing charge current to C11 
- thereby increasing the slope of the ramp for bulk 
voltages above 200 volts. This increase in slope linearly 
tracks the input line voltage and modulates the PWM 
output signal providing fast, pulse-by-pulse, open-loop 
line regulation which greatly eases the requirements of 
the feedback control loop. 


FAULT PROTECTION 


Load current is sensed through the power transformer 
by a sense resistor, R27, in series with the power 
switches. The value of R27, in conjunction with the 
divider of R18 and R19, establish a threshold at Pins 6 
and 7 of 23 Amps as related to the output. When this 
threshold is exceeded, the UC3841 goes into a 
pulse-by-pulse reduction in width to limit the energy and 
allow the power supply output to fall. Because of circuit 
delays, however, this limiting only works to a minimum 
pulse width which might allow too much energy to 
protect against a short circuit. This eventuality is 
covered by a second, higher threshold in the current 
sensing circuit which triggers a Fault Latch for 
immediate shut down. This Fault Latch is also activated 
by the Over-Voltage comparator which, in this case, is 
monitoring the input line voltage through R3 and R4. 


Once triggered, the Fault Latch immediately terminates 
the PWM signals and discharges the soft-start 
capacitor. If the Reset Pin 5 is high, once latched, the 
circuit will stay off until either the input line-is recycled 
or Pin 5 is momentarily pulled low. If Reset is already 
low, the Fault Latch will reset when the soft-start 
capacitor completes its discharge, allowing an 
automatic restart. The Fault Latch may also be activated 
externally by forcing positive current into Pin 4. 


THE UC3707 DRIVER 


This device is used only as an interstage driver to take 
the pull-down output from the UC3841 and develop the 
high current turn-on and turn-off commands to the 
power MOSFETs. This is a dual driver but in this case 
the two channels are connected in parallel to provide a 
maximum peak current of 3 Amps, source or sink. Of 
course, the DIL package would provide a power 
limitation were it not for the fact that the high currents 
are needed only to charge and discharge the MOSFET 
gate capacitance. When driving a load which has both 


9-178 


_ Rload = 0.75 to 10 ohms, 
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inductance and capacitance, it is important to keep any 
ringing which might appear on the output of the driver 
chip confined within the limits of the supply voltage to 
that chip. This is easily accomplished with the UC3611 
Schottky diode array used for diodes D3A and D3B. 


CLOSING THE LOOP 


In this voltage-mode application, the output filter will 
exhibit a two pole response to the control loop. Loop 
compensation at the Error Amplifier is designed to 
contain two pole-zero pairs by using the configuration 
shown in Figure 5. This will insure overall loop stability 
with maximum high frequency response while retaining 
a large low frequency gain. 


RFP 


RIP Riz 


VSENSE 
Ciz VCOMP 


RREF VREF 


Figure 5. A generalized two pole-zero compensation 
approach to providing good loop stability. 


The generalized approach to this compensation 
network is to place the first pole at a low frequency, 
typically around one Hertz. Two zeros are then 
introduced at approximately one-half the output filter 
break frequency to compensate for its two-pole rolloff. 
The amplifier’s second pole is placed at a fairly high 
frequency to provide a predictable gain reduction; 
however, the amplifier will usually run out of 
gain-bandwidth prior to reaching this pole. 


The output filter response is defined by: 


Lout = 34 uH, Cout = 1000 uF, 


ESR = 3 to 15 mohms 


Pie. = 865 Hz 


Pole freq = ——__—==== 
: 2nxnv LC 


{ 


, ; = 10.6 to 53.1 KHz ~ 
2nxCxESR 


ESR zero = 





APPLICATION NOTE 


The error amplifier compensation poles and zeros are 
located at the following frequencies referenced to the 
components of Figure 5: 


1 
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The effect of these poles and zeros is shown graphically 
in Figure 6 where it can be seen that they provide an 
overall response with a single pole roll-off to 10 kHz. 
The gain crosses zero dB at approximately 8 kHz with 
more than adequate phase margin, regardless of the 
output capacitor’s ESR. 


POWER SUPPLY PERFORMANCE 


The use of the UC3841 control IC has allowed a very 
straight forward and simple implementation of a 
relatively high performance power supply with a 
remarkedly small number of components. 
Representative waveforms of performance at several 
points within the supply are shown in Figures 7 - 10. All 
the initial performance goals defined for this design 
were: met and it is hoped that with the information 
presented above, application to more sophisticated or 
specialized design tasks will be eased. 
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Figure 9. Power switch voltage and current waveforms 


Figure 10. Transformer secondary voltage and power 
at light load. 
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New Integrated Circuit Produces Robust, Noise Immune System 
For Brushless DC Motors 


Bob Neidorff, Unitrode Integrated Circuits Corp., Merrimack, NH 


Abstract 


A new integrated circuit for brushless DC motor control is presented 
that implements many new techniques to enhance reliability and 
reduce the detrimental effects of noise. In addition to safety features 
and noise rejection circuitry, the new circuit contains a complete 
pulse-width modulator (PWM), a practical tachometer, a precision 
voltage reference, a high-speed curreni-sense amplifier, and 
high-voltage, high power, output stages. 
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The Problem 


Conventional brush motors have proven reliable and versatile. They 
remain popular partly because the pressures to improve haven't 
been high, and partly because nothing better has been available 
that is practical. Brushless DC motors (BDCMs) can pack the same 
horsepower into smaller, lighter boxes. They can also accelerate 
faster due to inherently lighter rotor construction. Without the friction 
and arcing of brushes, they are acoustically quieter. As they have 
permanent magnet rotors, they are faster to manufacture. 
Permanent magnet rotors also dissipate very little power, so BDCMs 
have far less heat dissipation problems. 


One thing that has held the motor industry back has been the 
availability of economical control electronics. Recent price trends in 
power MOSFETs and monolithic motor controllers have reduced 
these limits. The final hurdle to broad acceptance is assurance of 
reliability. Brush motors proved their reliability not through design, 
but instead through over a hundred years of development of rugged 
brusheS and slip rings. 


Two problems with BDCMs today are performance and reliability in 
the presence of noise. Noise here can refer to externally generated 
electromagnetic noise, internally generated chopping noise, or 
inappropriate commands from the operator of the system. 


The UC3625 specifically addresses the need for an economical, 
robust BDCM controller by specifically addressing these failure 
modes and also by implementing many functions and features 
desirable in high performance motor systems. The following table 
outlines some of the important features of the UC3625: 


* Push-Pull Low-Side Drivers 

¢ Versatile High-Side Drivers 

* Complete PWM 

¢ Two or Four-Quadrant Chopping 
* Tachometer 

¢ Soft Start 

* Undervoltage Protection 

* Overvoltage Protection 

* Active Safe Braking 

* Differential Current Amp 

* Hysteresis on all inputs 

* Direction latch 

* Cross Conduction prevention 
Unique Features For Noise 


All logic inputs to the UC3625 have hysteresis and /or latches for 
maximum noise rejection. The position sensor inputs specifically 
contain 0.8 volts of hysteresis, yet still meet TTL input thresholds. 
These inputs also contain pull-up resistors allowing them to directly 
interface to open-collector sensors. 


Position sensor inputs are latched immediately following 
commutation, and remain latched through the on-time of the 
tachometer monostable (one-shot). This prevents commutation 
noise from reaching the decoder, latching out the largest noise spike 
in the motor system. Although this sets a maximum motor speed, 
correct choice of pulse width guarantees operation up to the 
maximum speed of the motor while still affording excellent noise 
rejection. 


The one-shot pulse also drives a low saturation-voltage driver 
connectedto TACH OUT. The average value of the voltage on TACH 
OUT is directly proportional to motor speed, so that the pulse 
generator doubles as a simple tachometer. 
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UC3625 


DECODER © 


RCBRAKE TACHOUT 


Tachometer Doubles As Input Noise Gate 





Even with input latches, external noise filtering is often valuable. 
Chopping noise lends itself to analog low-pass filtering because of 
its dominant high-frequency components. As high-frequency noise 
energy can be very strong, zener clamping ahead of the filter can be 
very effective. 
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Cross-Conduction Prevention 


To further assure noise immunity, the UC3625 contains latches and 
a shift register to guarantee that all power stages turn off and remain 
off for a minimum time before changing states. In addition to 


UC3625 
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Logic That Prevents Cross Conduction 


preventing noise-induced cross conduction, this prevents 
cross conduction due to slow power stages. 


The delay time is only inserted when an output is commanded 
from high to low or vice versa. During normal three phase 
commutation, outputs are turned off (opened) for a full cycle | 
before changing states, so this delay will not impede normal 
operation. The only times that this delay will be inserted are 
during noise spikes, direction reversal, and braking. 


Pulse-Width Modulation System 


Motors perform better with higher operating voltages 
because for a given value of inductance, higher voitages can 
change winding current faster. A necessary adjunct to higher 
supply voltages is current control, either by linear amplifiers 
of pulse-width modulation (PWM). The UC3625 uses fixed 
frequency PWM for chopping. 


At the heart of the PWM is a sawtooth oscillator. The oscillator 
iS programmed up to 500kHz with one resistor to the 
reference and one capacitor to the ground. This oscillator is 
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UC3625 PWM Block Diagram Configured For Pulse-By-Pulse 
Current Control 
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used to enable the PWM latch every cycle, and also to clock the 
protection shift registers. 


Another fundamental part of the PWM is the PWM latch. The output 
of this latch enables the power stages. The latch is set once per cycle 
by the oscillator, and cleared by either the PWM 
comparator, a peak current signal generated in 
current-sense circuitry, or by a fault signal from the 
OV/COAST input. This latch is reset dominant, meaning 
that a steady reset signal from any of three sources 
completely inhibits the power stages. 


The other elements in the PWM are the PWM comparator 
and the error amplifier. The PWM comparator is an 
NPN-input comparator dedicated to comparing the output 
of the error amplifier to some other signal such as a 
command voltage, ramp, or sensed signal. The error 
amplifier is a PNP-input op-amp compensated for 
unity-gain operation, who’s inputs can operate linearly 
down to ground. | 


The PWM can be configured into any number of different 
loops that regulate winding current (torque is nearly 
proportional to winding current), regulate speed, or 
regulate some other parameter. The PWM is internally 
configured for peak current control as well, although this 
is not intended to be the principle feedback loop. 


The approach above compares winding current to a DC 
voltage with the PWM comparator, and pulse-by-pulse 
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PWM Configured For Average Current Feedback 


regulates winding current. This is similar to "current 
mode" in PWM power-supply systems, and offers the 
advantage of removing the pole caused by load 
inductance from the feedback loop. 


The PWM can also be configured to use the error amplifier 
to amplify the difference between the winding current and 
a desired current, and to use the PWM comparator to 
compare the error amp output to the oscillator ramp. This 
current loop operates on average, rather than peak 
current. 


OUTPUT 
STAGE 
ENABLE 


lf the PWM comparator is used to compare the oscillator 
ramp to a DC voltage, then the load duty cycle is directly 
proportional to the applied DC voltage, as is the average 
load voltage. This "voltage mode" loop comes close to 
controlling speed because speed is nearly proportional to 
average winding voltage. If an overall speed feedback 
loop is required to regulate speed, this "voltage mode" 
topology can serve as a local feedback loop to make the 
system transfer function more linear, and the error 
amplifier can be used as the overall loop amplifier. 
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Circuit For Fixed Off-Time PWM Using the UC3625 


The advantages of each topology must be weighed considering 
complexity, overall stability, and sensitivity to load. In cases where 
current feedback seems nearly impossible to compensate, some 
compromise between currrent feedback and vOMOe feedback is 
dictated. 


The PWMi is also seniiaun rable to fixed off-time PWM ratherthan fixed 
frequency PWM by adding a few external components that couple 
the output off signal back into ine oscillator.” 


TO 
POWER 
DEVICES 





Fixed off-time control is sometimes desirable because it uses one 
of the easiest feedback loops to compensate. Its main drawback is 


‘that the modulation frequency varies with load and speed. This 


means that for some loads chopping noise can become audible 


_(pelow 20kHz). This also allows variation in the dead time inserted 


to prevent output stage cross conduction. 
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Different Chopping Techniques 


Chopping capitalizes on the inductance of the load to maintain load 
current when the driving voltage is removed. The driving voltage is 
normally supplied through power switches, and diodes normally 
conduct across the load when the switches are opened. 


Two different methods are common for chopping. The more efficient 
method chops one low-side power switch while one high-side switch 
is on. This is referred to as a two-quadrant PWM. 


Two-quadrant PWM normally operates with a low duty cycle, as 
winding current is charged principally by the supply voltage, yet 
winding inductance is discharged by the voltage drop in the diode 
circuit (see figure below). Motor back EMF reduces the effective 
supply voltage and increases the effective diode voltage drop, so 
the duty cycle tends to increase with speed. 


The main advantage of two-quadrant chopping is efficiency. Its main 
drawback is that it can’t quickly decrease winding current. This can 
be very troublesome in position feedback systems. 


(+) {-] [+] 
CONTROL CONTROL 
Vv Vv 


VMOTOR VMOTOR 


As 


CHARGE 


Two-Quadrant vs. Four-Quadrant Chopping 





In contrast, four-quadrant PWM systems chop both switches, and 
circulate load current through two diodes backwards into the supply. 


Again ignoring back EMF, four-quadrant chopping produces a nearly 
symmetrical current waveform, as current rises due to the supply 
voltage impressed on the load inductance, and decays due to 
reverse supply and load inductance. With four-quadrant chopping, 
a motor can decelerate as quickly as it can accelerate. 


To program the UC3625 for one approach or the other, apply a logic 
signal to the QUAD SEL input. QUAD SEL can also be changed 
_ during operation to tailor performance to specific requirements. 
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Power Drivers 


The overwhelmingly dominant power output device in new designs 
is the N-Channel Enhancement-Mode Power MOSFET. Bipolar 
power transistors and power darlingtons still have advantages in 
very high-voltage systems, but these advantages are being 
continuously eroded by developments in MOSFET structures and 
merged bipolar MOSFET devices. The UC3625 is able to drive both 
power MOSFETs and bipolar transistors. 


The low-side drivers in the UC3625 are totem-poles capable of 
greater than 250mA peak gate or base current, but the package and 
the die are not constructed for continuous power dissipation greater 
than 1 watt, which imposes an upper limit on the available current 
for bipolar device drive. 


Driving Low-Side MOSFETs with the UC3625 


The Power Vcc pin is separated from signal Vcc so that high gate 
current peaks can be isolated from signal Vcc, and also so that 
Power Vcc can be tailored to the power device. For fastest switching 
of power bipolar devices, the Power Vcc pin can be limited and 
clamped, as shown in this example. 


UC3625 


PWR-VCC 


Driving Low-Side Darlingtons with the UC3625 
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APPLICATION NOTE 


Driving high-side devices with the UC3625 requires level shifting if 
the motor supply is greater than 50V. The UC3625 high-side outputs 
are open collector NPN transistors which pull low to turn on high-side 
MOSFETs or bipolar transistors. 


VMOTOR 


VCC 
UC3625 
PU 


Driving High-Side P-MOSFETs 


VMOTOR +15V 
VMOTOR 


VCC 
UC3625 
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Driving High -Side N-MOSFETs 
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Driving High-Side PNP Darlingtons with the UC3625 





Although capable of 50mA current sinking, the open collector 
outputs are normally operated with lower currents to minimize the 
power supplied by the high-voltage supply. 


As a high-side switch, P-channel power MOSFETs are far easier to 
drive than N-Channel power MOSFETs because the gate of 
P-channel MOSFETS need not be pulled above the positive supply 
to obtain low voltage drop. Unfortunately, P-channel power 
MOSFETs are more expensive and less available than N-channel 
devices, so the added supply in the N-channel design is often 
justified. 
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Current Sense 


The UC3625 contains a high-speed gain-of-two differential amplifier 
dedicated to current sensing. This amplifier.can be connected 
directly across a low-value current-sense resistor or between two 
different current-sense resistors. Since the amplifier common mode 
range allows operation one volt below ground, the amplifier has 
excellent common-mode noise rejection. 


The current-sense amplifier also embodies an ideal diode that 
performs absolute value and level shifting of the input, giving a 
transfer function of: 


Vo = 2.5 + 2 ABS (Vie - Vir) 


If the low-side power devices and the lower catch diodes are 
returned to the same current-sense resistor, and the UC3625 is 
chopping in four-quadrant mode, then the winding current always 
flows through the current-sense resistor. The voltage on the 
current-sense resistor flips polarity every time the PWM chops, but 
the absolute value current-sense amplifier rectifies this, giving a 
smoother representation of continuous winding current, and 
requiring less filtering. 


Some filtering of the current-sense signal is always required, 
however, and the output of the current-sense amplifier is the best 
place to filter. The amplifier is stable with all capacitive loads, and 
has approximately 250 ohms output impedance. 


Filtering at the input of the current-sense amplifier is also valuable 
to remove spikes that are faster than the amplifier can track. 
However, toinsure that the absolute value circuit continuously tracks 
current, use only a minimal amount of input filtering. 


The output of the current amplifier drives two comparators through 
the filtering resistor: the peak current comparator andthe overcurrent 
comparator. The peak current comparator resets the PWM latch 
whenever the current-sense voltage exceeds approximately 200mV. 
The overcurrent comparator initiates soft start if the current-sense 
voltage exceeds approximately 300mV. 


The peak current comparator can be used to limit maximum peak 
winding current while a larger feedback loop limits winding current 
to control some other parameter, such as speed or position. The 
overcurrent comparator then functions as a fail-safe device that 


- commands SOFT START if the peak current loop loses control, as 


might happen if a power device becomes shorted. 


Is it Brake...or Break? 


The UC3625 contains provisions for braking by way of a 
multifunction pin called "RC / BRAKE". This pin also serves as the 
timing pin for the internal tachometer, pulsing between 1.67V and 
3.33V every time the position sensors commutate. To command 
BRAKE, pull RC/BRAKE low with an open collector gate or switch. 
The tachometer then stops pulsing and all three low-side drivers turn 
on. 


Normal PWM configurations do not allow braking current to be 
modulated because the braking current does not normally flow 
through the sense resistor. The motor control circuit below includes 
three added diodes that, during BRAKE and all other circumstances 
causes winding current to flow through the sense resistor. Using this 
circuit, the UC3625 stops a motor as fast as the peak limit current 
setting allows and protects the output power devices and the motor. 
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Circuit For Safe Braking Series diodes guarantee that braking - 
current will flow in the current-sense resistor 





Direction Reversal is Worse 


As with braking, direction reversal can also force excessive current 
into power devices if not checked. Direction reversal forces two of 
the three driver channels to go from high to low or low to high directly. 
With the UC3625, cross conduction is completely prevented, but 
high winding current is dependent upon the application. The higher 
the speed, the higher back EMF, and the higher the potential peak 
current. 


The approach mentioned for braking also limits peak winding current 
during direction reversal. In addition, the direction latch and shift 
register in the UC3625 can be configured to prevent direction 
reversal until motor speed drops to a safe level. This latch also 
commands COAST whenever a direction reversal is commanded 
and motor speed is too high. 


The easiest way to configure this protection is using the internal 
tachometer to drive "SPEED IN" through a low-pass RC filter. The 
"SPEED IN" threshold is set to prevent reversal whenever input 
voltage exceeds approximately 250mV. 


Other Protection Features 


To prevent confusion or insufficient drive to power MOSFETs, the 
UC3625 contains a comparator to lock off all six outputs until the 
Vcc input exceeds 9V, called under-voltage lock-out. The UC3625 


Unitrode Integrated Circuits Corporation 


U-115 


also contains an uncommitted comparator that inhibits the outputs 
and clears the PWM latch whenever its input exceeds 1.75V. This 
can be used with a voltage divider for an over-voltage inhibit, or can 
be directly driven from TTL or CMOS for a logic controlled COAST 
input. 


To prevent very high power supply current spikes and to limit 
average current during faults, the UC3625 contains latched soft 
start. The latch is set by low power-supply voltage or overcurrent 
fault, and is only cleared when the setting condition goes away and 
the soft start input discharges to below approximately 200mV. 


Normally, the UC3625 is configured with a capacitor from soft start 
to ground, which is charged by the soft start 10uA current source. 
The UC3625 can also be configured to latch soft start until cleared 
by connecting a 4.3 volt zener and a normallly closed switch from 
Vref to soft start. The switch then functions as a reset switch. 


PEAK CURRENT 


UNDERVOLTAGE 


Manual Fault Reset Circuit Uses Zener Diode to Latch 
Faults 





Voltage Reference 


Finally, the UC3625 contains a precision voltage reference trimmed 
to 5V +/- 2%. This reference powers most of the internal circuitry for 
supply rejection and is available on the’"Vref" pin for driving other 
circuitry such as Hall-effect position sensors and bias circuits. 
Operation of the voltage reference is guaranteed with loads up to 
30mA, and the reference is also short circuit current limited to 
approximately 100mA. 


7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 « FAX 603-424-3460 
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A NEW LINEAR REGULATOR FEATURES SWITCH MODE OVERCURRENT PROTECTION 
Robert Mammano and Jonathan Radovsky, Unitrode IC Corp; and 
George Harlan, Power General 


ABSTRACT 


This paper presents a new linear control circuit which, in 
addition to offering benefits such as low input-out-put 
differential and a precise reference voltage. features a 
unique and innovative approach to overload protection. By 
using duty-ratio, switch-mode protection, this circuit 
eliminates both the high internal dissipation of constant 
current limiting and the latch-up tendencies of limiting with 
current foldback. 


THE CURRENT LIMIT PROBLEM 


As an opening statement, let us offer as a "given" that 
all linear power supplies need some form of over-current 
protection. Traditionally, this protection consists of 
configuring supply to control current - rather than output 
voltage - once an established threshold of maximum current 
has been exceeded. The method of current control can 
usually be classified as either "constant-current" or 
"current-foldback" current limiting and, while simple to 
classify, choosing between these two methods is often less 
than satisfying. 


The protective method most acceptable to the user is 
constant current limiting witha characteristic as shown in 
Figure 1. With the knowledge that a power supply will only 
deliver a maximum current regardless of what he might do 
to it, the user’s job of scaling his cables, switches, 
connectors, and other components associated with the 
power inputs to his system is greatly eased. He knows that 
no matter how non-linear his load may be, he can count on 
a regulated voltage whenever his current drain is within the 
supply’s rating. Further, he knows that the maximum rated 
current is always available to meet any demand asked of 
the supply. 


The "benefits" of constant current limiting are another 
matter to the power supply designer, however. For 
example, a regulator designed to deliver 12 Volts at a 
maximum load current of 5 Amps, would probably start 
with a bulk input voltage of approximately 15 Volts anda 
constant current limit of 5.5 Amps. Under maximum rated 
load, the internal dissipation of the regulator is 3V x 5A or 
15 watts but with a short to ground, this dissipation jumps 
to 15V x 5.5A or more than 80 Watts! This means that the 
thermal management and heat sinking must be sized for the 
short circuit condition resulting in a massive overkill in 
terms of volume, complexity, and cost with respect to 
normal operating conditions. 








CONSTANT CURRENT LIMITING 


INTERNAL 
POWER | 
DISSIPATION 


Pd = Vin x Isc \ 


' Figure 1: Constant current limiting. 


A common solution to this problem is to design a current 
limiting scheme as illustrated in Figure 2. Here the 
protection is actuated at 5.5 Amps when the output voltage 
is at 12 Volts but the allowable current then "folds back" 
as the output voltage falls due to increasing overload, until 
it reaches some much lower value - say one Amp in this 
example - with a shortened output. Now the dissipation 
with a short circuit is close to the same as it was with rated 
current and our designer's thermal problems are solved. 


FOLDBACK CURRENT LIMITING 


MAX LOAD 
CURRENT 


! 


SHORT 
CIRCUIT 
CURRENT 


Figure 2: Foldback current limiiting 
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But what about his customer? His load may be complex, non- 
linear, and often not even well understood. Figure 3 shows typi- 
cal load characteristics for digital and analog circuitry but an ac- 
_ tual system may include all of these plus motors which need to 
be started and capacitors which need to be charged. Any protec- 
tion scheme which allows the static load line to intersect the 
' foldback current curve as shown in Figure 4 is potentially subject 
to latch up because the load draws more current than the regulator 
can supply at the voltage where the curves cross. 
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PERCENT LOAD CURRENT 
Figure 3: Typical digital and analog load lines. 


- FOLDBACK LATCH — OFF AT START 


0 


Figure 4: Latching at start-up with foldback. 


An application particularly susceptible to latch up due to 
foldback current limiting occurs when two supplies are used to 
provide positive and negative voltages to a load where there is a 
path for "rail-to-rail" loading. As the regulators turn on, their out- 
put capacitors are charged at rates determined by the values of 
the capacitors and the amount of current each regulator can 
provide as its output rises up the foldback curve. Since these cur- 
ves are unlikely to be perfectly matched, one output will dominate 
the other. As the faster one’s output voltage increases, it provides 
more current through the common load. This forces the slower 
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one back down the foldback curve where it provides less current, 
compounding the problem and ultimately latching when its out- 
put is driven past zero to a reversed polarity. Thus a foldback- 
limited regulator, which might be stable when used by itself, may 
latch when used as one-half of a dual-polarity system due to this 
"turn-on slew rate" phenomenon. 


So what we have concluded is that while the power supply 
designer needs to incorporate foldback current limiting to reduce 
power dissipation, his customer needs constant-current limiting 
to insure reliable starting. It is the contention of this paper that 
what they both really need is duty-ratio protection. 


DUTY-RATIO OVERCURRENT PROTECTION 


Duty-ratio protection can be simply described as a constant 
current limiting regulator with a timer. The timer’s function is to 
turn the regulator’s power stage OFF and ON with an established 
duty cycle ratio such that the high internal power dissipation of 
constant current limiting is reduced by the duty ratio to a much 
more manageable average value. 


Referring back to our earlier example of a 12V, 5A regulator, 
consider setting the constant current limit at 5.5 amps but addi- 
tionally establish a duty ratio for the timer at 1 to 20 for "ON" to 
"OFF". If we set the "ON" time sufficiently long to charge 
whatever capacitance might be on the output, the regulator will 
power up with the constant current characteristic, insuring start- 
up regardless of the loading. In the event of an overload or short 
circuit (defined in this device as remaining in current limiting for 
a period of approximately 2 x Ton), the regulator will periodically 
shut down for a time equal to 20 x Ton and then continue to cycle 
in a 1 to 20 duty cycle until the fault is removed. Although the 
peak power during Ton might be 80 Watts, the average fault dis- 
sipation at this duty ratio is only 4 Watts - less than the normal 
15 watt operating power loss, and we have thereby satisfied both 
the designer and his customer. 


INTRODUCING THE UC1833 / UC3833 


The block diagram of this new linear regulator control IC is 
shown in Figure 5. This circuit can be used in many different 
ways but its primary intent is as a high-efficiency regulator im- 
plemented with an external PNP pass transistor as shown in the 
figure. The circuitry in the right half of the UC1833 block 
generates the voltage error signal used to activate an NPN Dar- 
lington driver which, in turn, drives the base of the PNP pass 
device. This common-emitter pass transistor configuration al- 
lows this type of regulator to operate with a minimum input-out- 
put differential of well less than one Volt, even at high loads. 


Duty-cycle current limiting is accomplished with the circuitry 
on the left half of the block diagram, where an Amplifier and a 
Comparator are seen, both monitoring the voltage drop across a 
single current sense resistor. The Comparator has an input 
threshold of 100 mV and, when activated, initiates a timer to al- 
ternately clamp and release the base of the driver to ground there- 
by switching the output of the regulator from Vout to Zero with 
a low duty ratio. - ; 
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The current sensing portion of this circuit is to 
the left of this figure where the current-sense Com- 
parator and Amplifier are shown sharing the same 
input sense pins. Note that their offset voltages are 
derived by a constant current through R1 and R2 in 
series rather than independently as shown in the 
more simplified earlier block diagram. By adding 
30 mV to the 100 mV offset of the Comparator, the 
Amplifier’s offset will more accurately track that of 
the Comparator should any variations occur, and 
the criteria to have the Comparator always activate 
first is assured. 


A characteristic important to current protection 
is the accuracy of its threshold as any tolerance rep- 
resents a window of undefined operation which 





Figure 5: The new UC1833 / UC3833 linear regulator. 


The Amplifier part of the current sense circuitry has an input 
threshold of 130 mV and overrides the output of the Error 
Amplifier to control the driver - when enabled by the ON-time of 
the timer - to regulate the supply’s output current to a maximum 
amount determined by 130 mV divided by the value of the sense 
resistor. The 30 mV differential between the thresholds of the 
Amplifier and Comparator insures that current limiting can never 
occur without prior initiation of the timer. 


OVERLOAD PROTECTION CIRCUITRY 


The operation of the overload protection circuitry can be 
better understood by referring to the simplified schematic of 
Figure 6. 


works to the disadvantage of both designer and user 
of the power supply. Recognizing this, the 
UC1833’s thresholds are derived from its precision 
reference resulting in a Timer activation threshold 
guaranteed to 5 percent over all operating conditions. 


The output of the Current Amplifier connects into the output 
stage of the Error Amplifier where it can easily take command 
when activated. The compensation capacitor must compensate 
both the voltage and current feedback loops, and since the cur- 
rent loop must override the voltage control, its gain will be higher 
making the current loop the more difficult to stabilize. To 
evaluate the current loop, grounding the Timing pin will disable 
the Timer and allow continuous constant current operation. This 
can be useful either as a temporary measure while designing the 
current compensation network, or permanently to implement a 
constant-current limited power supply. 
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Figure 6: A simplified schematic of the UC1833 control circuitry. 
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The external components work in 
conjunction with an internally 
switched 10k timing resistor 
shown in the schematic as R3. 
With RT much greater than 10k, 
the ON time is defined by R3 and 
CT, while RT and CT determine 
the OFF time. The thresholds for 
Se the Timing Comparator are set at 
1/3 and 2/3 of the internally regu- 
lated 2.7Vsource by the values of 
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R4, R5, and R6. 
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Timing waveforms during an overload cycle are shown in 
Figure 7 where the upper graph shows the output current from 
the regulator, the center one plots the voltage on the timing com- 
ponents, and the regulator’s output voltage is shown in the lower 
graph. Following the sequence of events as drawn in the figure, 
when the load current ramps up and crosses the 100 mV Com- 
parator threshold, the initial ON time begins. This initial period 
is about twice the duration of successive ON-times as the timing 


capacitor starts its charge from zero initially, while subsequent 


ramps begin from the lower Comparator threshold. While the 
timing capacitor is charging, the regulator current is limited by 
the action of the Current-sense Amplifier to maintain a level of 
130 mV across the sense resistor. While in current limiting, the 
regulator’s output voltage falls to whatever value that current will 
allow across the faulted load impedance. 





OVERLOAD 








OUTPUT 
CURRENT 


lo (nom) 


‘CT 
VOLTAGE 


Vo (nom) 


OUTPUT 
VOLTAGE 





20 Ton | Ton 





U-116 


average power as reduced by the duty ratio. Heat sinks for the 
internal power devices must now only have adequate thermal 
mass to absorb the high peak power of the initial ON period. 


REMAINING CONTROL CIRCUITRY 


Other blocks within the UC1833 include a 2.0 Volt band-gap 
reference internally trimmed to 1% and a low input-offset Opera- 
tional Transconductance Amplifier (OTA) to serve as the error 
sensing and amplifying circuitry. The OTA Error Amplifier has 
a gm of about 4 millimho and an output current capability of 
+/- 300 uA. This form of amplifier can usually be compensated 
with a simple network - often a single capacitor - from its output 
to ground; but more commonly, an R-C pole-zero pair is also 
added to compensate for an external PNP pass transistor’s gain 
characteristics. 


The Error Amplifier is followed by a unity-gain Buffer 
Amplifier which controls the Driver Stage consisting of a Dar- 


ington transistor pair with local current limiting. This Driver can 


Figure 7: Load current, timing capacitor voltage, and output voltage of the 


regulator under fault conditions. 


The ON-time continues until the internal 10k resistor charges 
the timing capacitor to the upper Timer threshold. At this point, 
both the ON-time of the regulator and the charging of the timing 
Capacitor are terminated, and the capacitor now discharges 
through RT, while the regulator is held OFF until the voltage on 
CT reaches the lower threshold, at which point the cycle repeats. 
If the load fault is removed during an ON-time, the Timer is im- 
meadiatly disabled allowing the regulator to recover and the 
timing capacitor to discharge back to zero. If the fault is removed 
during an OFF-time, the Timer must complete that cycle of 
capacitor discharge before allowing the regulator to turn back on. 
In special applications requiring an extended ON-time, the cor- 
respondingly long recovery may be accelerated. by interrupting 
the input voltage, as the falling internal 5 V source will discharge 
CT through D1 and an equivalent 1k impedance. 


Duty-ratio protection has greatly eased the problem of heat 
sinking created with a constant-current solution since the area of 
the heat sink, or its thermal resistance, need only remove the 
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either source or sink current, allowing its use as a driver for either 
NPN or PNP pass transistors. The Pullup and Pulldown current- 
sources shown at the Sink and Source terminals of Figure 6 are 
to provide turn-off bias to the pass transistor during duty-ratio 
switching so that it is not turned off into a BVCEO condition. 


Not shown on the schematic are two additional forms of 
protection built into the UC1833: Thermal Shutdown (TSD), and 
Under Voltage Lockout (UVLO). While it could be argued that 
thermal protection on the control chip does nothing to protect the 
pass transistor, the fact that the Driver can conduct up to at least 
100 mA with a large portion of the input supply voltage across 
it, can result in more than acceptable internal heating of the 
UC1833. A good practice, when voltage levels permit, is the ad- 
dition of an external resistor in series with either the Source or 
Sink outputs of the Driver to remove some of the voltage - and 
therefore some of the dissipation - from the controller. 


Under Voltage Lockout keeps the Error Amplifier output low 
until the supply voltage reaches approximately 4 Volts insuring 
that all internal circuits - particularly current limiting functions - 
are intelligent before allowing the pass transistor to turn on. The 
UVLO function also disables the Pullup current feeding into the 
Sink terminal, for low input voltages, so that the pass transistor 
cannot be driven in the reverse direction should the input supply 
fall with a charged capacitor or other energy source on the out- 
put. The Source Pulldown current source is. also disabled with 
UVLO but this terminal also has.a two-diode path from the Source 
to the Compensation terminals. This is to allow any shutdown 
function which pulls the Comp pin low to discharge capacitance 
at the regulator’s output without reverse-biasing the Driver’s 
emitter-base junction. 


THE UC1832 14-PIN CONTROLLER 


An important objective in the design of the UC1833 was that 
in addition to providing significant operating benefits over the 
omnipresent uA723, the resulting product should be cost-com- 
petitive with that device. Committing the UC1833 to an 8-pin 
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Minidip package allows the potential for meeting the cost objec- 
tive (plus the benefit of less PC board area), but in several impor- 
tant ways, also restricts the device’s versatility. Recognizing this 
fact led to the introduction of the same chip in a 14-pin package 
with a UC1832 designation. The block diagram of this device, 
in a uA723-type application, is shown in Figure 8. 
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TYPICAL CIRCUIT APPLICATIONS 


Unitrode’s Power General Division has already utilized the 
UC3833 (the commercial version of the UC1833) in several suc- 
cessful power supply designs. A brief description of some of 
these products will illustrate both the range of applications and 

the simplicity which this new device brings to 
O Vout | 





power supply design. 


The circuit of Figure 9 shows one of the 
simplest applications of the UC3833 repeated 
twice to implement a dual-polarity 12 volt, 
200 mA supply. The timing components for duty- 
ratio protection are determined from the follow- 
ing equations: 


Ton = .69 x 10k x CT 
Toff = .69 x RT x CT 


Duty-ratio = Ton/(Ton+Toff) 
= 10k/(10k + RT) 


The values shown provide approximately 





Figure 8: A |4-pin version, designated UC 1832 / UC3832, offers enhanced versatility. 


The characteristics of the UC1832 include all the perfor- 
mance features of the UC1833 plus the following: 


|. Separating the +Vin line from the CS+ terminal so that the 
controller could be supplied from a higher potential, low-cur- 
rent, auxiliary voltage while sensing current from the main 


supply. 


2. Separating the Reference from the Error 
Amplifier (+) input and making both acces- 
sible to the user. Among other things, this al- 
lows phase reversal, an external or divided- 
down reference, and a convenient access point 
for soft-start. 


TI 


3. Providing a separate input to the Driver’s 
local current limiter allows considerable 
flexibility in setting that limit either higher or 
lower than the 300 mA (typical) defined by the 
internal 2.4 ohm resistor. 


4. A separate logic-level digital shutdown 
function has been added to give more 
programming options such as accepting a 
shutdown command from an over-voltage 
sensor or implementing a turn-on delay. This 
input is fail-safe as it must be pulled low to 





7 mS ON time and 140 mS OFF. These fairly 
rapid time constants minimize the need for any 
significant thermal mass in the heat sinks and also 
allow fast recovery after an overload is removed. With the 
knowledge that the initial conducting time can be twice the ON 
time, the maximum output capacitance can be calculated from: 


C = Imax (dt/dV) 


C = 130mV/.5ohm ( 14mS/12V ) = 300 uF. 





+ 12V OUT 
—w-O 





allow the regulator to turn on. 





Ee 








Figure 9: A +/-12V, 200mA regulator is easily implemented with two UC3833 devices. 
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A higher power application is shown in the schematic of 
Figure 10 which was designed to supply 5 Volts at 5 Amps. 
The UC3833, configured as shown, will meet this require- 
ment with an input voltage as low as 6 Volts due to the low 
saturation voltage of the paralleled 2N6489 transistors and 
the fact that the maximum non-fault voltage on the sense 
resistor is less than 100 mV. Actually, a little more sense 
voltage was sacrificed in the interests of selecting a standard 
resistor value, with the excess divided down by the 
56/100 ohm divider. The additional BD438 drive transistor 
was added to boost the UC3833 drive current and keep the 
internal power dissipation low. 


A third application of the UC3833 is one which took par- 
ticular benefit from duty-cycle current limiting. This was for 
a disk drive power supply which required considerable cur- 
rent at turn-on to accelerate the disk. The circuit schematic 
is the same as that shown in Figure 10 with the voltage sense 
resistors selected for a 12 Volt output. The power require- 
ments dictated a peak start current of 5 Amps decaying to 
3 Amps in 30 seconds as the motor reached operating 
velocity. The current sense resistor was chosen to give a Timer 
initiation at 4.75 A and a constant current limit of 6.1 Amps. The 
timing capacitor value was set at 3300 uF yielding an ON-time 
of approximately 20 seconds, with 40 seconds for the initial turn 
on period - during which time the motor current will decrease to 
less than the lower threshold. With a duty-ratio of 20:1, when a 
fault does occur, the OFF-time will now be greater than 6 minutes, 
but, if this is excessive, recycling the input voltage to the regulator 
will reset the timing capacitor. | 


CONCLUSION 


While no one can deny the long-term success of the uA723 
as a general-purpose linear regulator controller, there has also 
long been a call for a device to improve its many limitations. 
While other products have been marketed offering some 
parametric improvements, the UC1833 - and its companion 
UC1832 - are the first to offer an innovative solution to a very 
basic problem. By combining switch-mode protection with 
linear regulation, these devices answer the question of which 
form of protection is best for whom, with a solution that is best 
for everyone. 


Unitrode Integrated Circuits Corporation 







.02 OHMS, 3W 


0022 3 
Ww 
‘+vin  cs—}2 


UC3833 
comp —s TRC 














Figure 10: A high-efficiency configuration with added current boost will deliver 5V at 5A 
from a 6V source. 
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UC3833 Typical Applications 


See appendix for component selection 


LOW CURRENT APPLICATION 
using the UC3833 internal drive transistor 


LINEAR REGULATOR 


using an external power transistor 
as a series regulator 


HIGH CURRENT REGULATOR 


using drive transistor Q2 to increase Q; base drive 
and reduce UC3833 power dissipation 


Q\ 





TYPICAL OUTPUT CURRENT vs. Vin and Vout 


of the UC3833 internal drive transistor 
for Paiss = 0.5 W (approx.) 


P CHANNEL POWER MOSFETs 
can also be used as the series pass transistor Q; 


P Channel 
MOSFET 


PARALLEL PASS TRANSISTORS 


can be added for high current 
or high power dissipation applications 
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UC3832 Applications 
See appendix for component selection 


LOW DROPOUT REGULATOR 


The UC3832 features a seperate supply input for operation from an. 
auxiliary power source. Useful in low dropout applications. 


en Vin (H)) 


suas 
OO) @ 
+ Vo 


ut 


+ Vin (LO) 


+ 


Cout 


Shut- 


e GND down 


$1 - Closed: Normal operation 
Open: Output disable 


PRECISION LABORATORY POWER SUPPLY 
featuring adjustable voltage and current limiting 


—Vin —Vout 


S1 - Closed: Normal operation S2 - Open: Duty ratio current limit 
Open: Output disable Closed: Constant current output 
or Imax adjust. 
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Design Equations and Component Selection 
R1- Current Sense Resistor omnibus 
R1 =0.135 V/lout (max) UC1833 AND 1832 WITH Vapy = 2.5V 


LOW CURRENT GENERAL USE HIGH CURRENT | 





Re - Output Voltage Divider Resistor 
Re = (VouT - 2.0V)/1mA 


o%a%aPare%eha%arere%aPateraterararePareterararetararara’s 





R3 - Drive Current Limit Resistor mmm 
R3 = ((Vin - VBE - Vsat)* Beta (min))/louT (max) 


| 350 | 560 | 
2.2K 

| 87s 

| 70 | 









7 
a ee ee ee 
| 24 | 88 
2 

For circuit diagram of Fig. 4, For circuit diagram of Fig. 5, 

Beta (min) = 25, Vege = 0.7V, Vsat = 1.5V Beta (min) = 25, Vee = 0.7V, 

Vsat ~ VBE (Q2)+ Vsat (UC3833)= 1.5V 


Vin 
87 
70 

4 ; 
3 

24 






| 43 dT 82120 


av 
5 7 
8 
7 
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Rr and Cr - Timer Duty Duration and Ratio Resistor and Capacitor 
Ton = 0.693 * 10K * Cr 

Toff = 0.693 * Rt * Cr 

Duty Ratio = Ton/(Ton+ Toff) = 10K/(10K+ Rt) 


NOTE: Typical duty ratios are between 0.5% and 5% 


ohms 


[1% | _1 MEG 
[0.5% | 2MEG_ 


msec uf sec 


a ee | 
ee Sees eee | eee 
7. 












uf | 
15 . 7 

Pl 8 
aaa ae + ); 
P10 fT 1 tC—C( Ttt—“(‘i ISCO 
a ee ee ee EX: ee Gk <\*() 
PS CUCOC“‘“]OCOB FC lSOC—C“‘~*dL:C‘“‘(‘’TCNSN:S CSWVD—=$e—s— 
1000 


* Timing capacitor Crt should have extremely low leakage current. 








QT = Pass TrAMSIStOr .nnumnnnnnnnsninnnnnnninnunninnnnnnnninninnnnn 


A Transistor _ MOSFET MOSFET 
D41D4 RFP5P12 | 
D45C2 RFP6P08 . 
MJE6040 | RFP12P08 IRFZ10 













2N6666* | IRFZ20 
2N6648* RFK25P08 IRFZ20 

a RFK25P08 

20.0 | 2Nezest | RFK25PO8 | IRFZ40 


* Darlington transistor 
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RESONANT MODE POWER CIRCUITS 
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ABSTRACT 


A new integrated circuit, the UC 1860, is introduced. Its 
prime purpose is to provide the control function in resonant 
mode power supplies operating at frequencies up to 3 MHz. 
A frequency modulated, fixed on-time control scheme is 
implemented. Additional features include a programmable 
under voltage lockout circuit and a programmable soft- 
start/hic-up circuit. 


BACKGROUND 


For years, rumblings of the coming (or perhaps more 
correctly, reapplication) of resonance as a useful tool in 
the power control world have been growing progressively 
louder. Being a recognized manufacturer of pulse width 
modulation control ICs, some of these noises have been 
focused directly at Unitrode Integrated Circuits Corpora- 
tion. Receiving, conditioning, filtering, and discriminating 
these signals, however, has been somewhat of a frustrating 
chore. Information indeed has been sought to aid in the 
definition of chip to perform ail required resonant mode 
contro} functions. Too often the response was an inverse 
request: “Tell me what the chip looks like and then I can 
design my power supply.” The immaturity of the technol- 
ogy has naturally made the sharing of information 
somewhat less than authorative. Finally there came a day 
when a best guess architecture and specification goals list 
had to be embraced as presumed gospel. It is that choice 
that has resulted in the chip to be discussed in this paper. 


This paper, then, will describe the UC 1860 with respect 
to its architecture and the specific features and perfor- 
mance of some of the sections. The chip is intended to fully 
implement all features necessary for the control function 
in a resonant mode power supply. 


BLOCK DIAGRAM 


The UC1860 control IC is designed to control power 
conversion circuits requiring frequency modulated fixed 
pulse widths such as resonant or quasi-resonant mode 
power supplies (figure 1). 
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The central section of the system is composed of 6 main 
blocks. A precision reference is provided for the error 
amplifier. These serve as the basis to control a variable 
frequency oscillator (VFO) which in turn triggers a one- 
shot. The programmable one-shot determines the output 
pulse width of the output drivers which are specifically 
designed to drive power mosfet gates. Finally a toggle flip 


flop steers the one-shot signal to the appropriate output 
stage. 


In a typical application, the error amplifier is used to 
compare power supply output voltage to the internal 
reference. The error amplifier is also used as a gain block 
with which to compensate the overall power supply control 
loop. The output of the amplifier is resistively coupled to 
the VFO to control frequency. VFO frequency is directly 
proportional to error amplifier output voltage. Output 
pulse width is selected by an external RC pair. Pulses are 
sequenced to the output pins to activate the switches in 
the power circuit. 


On chip peripheral housekeeping blocks are under 
voltage lockout (UVLO), fault management, and start-up/ 
restart sequencing. The UVLO block forces the chip to 


wake up in a consistent and intelligent state when power 
is applied. 


An additional uncommitted open collector comparator 


is on chip. This comparator can be used to accomplish a 
host of user defined functions. 


ERROR AMPLIFIER 


Understanding the chip requires considering the blocks 
one by one. The first block of interest in the main control 
section of the chip is the error amplifier. This amplifier is 
a high bandwidth, low offset, clamped swing design (figure 
2). The non-inverting input is internally connected to a 
resistive divider from the reference voltage. While the 
divider is set for 3V, the combination of offset voltage and 
divider accuracy is specified as a ratio of the reference 
voltage. This allows an external reference of greater 


accuracy to drive the chip reference for better system accu- 
racy. 





APPLICATION NOTE 


Vec| | 
UVLO | | 
EAIN(+) |_| 
EA IN (-) | | 
veo |_| 
Cvro |_| 
TRIG | | 

OSC DBL} | 
MODE] } 
CMP IN (+) = 
CMP IN (-) | 
SFT STRT| | 
a DLY] | 


FLT (+) |_| > 


FLT (-) zs + 
sno [5 


VFO - 
_| ONE-SHOT 
| | Sl 
; so TH 
7 OT a 
RC CLR | ) 


U-117A 


UVLO Veer | . _ : ; ie 


>—— 


ES 
- | - 


CMP OUT 






Crp Css 
SEQUENCE 
R 
e 





R 
E 





_ FIGURE 1. UC1860 SIMPLIFIED BLOCK DIAGRAM. 
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With three gain blocks (transconductance, transresis- 
tance, and voltage), the amplifier 1s compensated by two 
capacitors. The first feeds forward around the first stage 
directly to the second stage. This is because the first stage 
is designed for high gain and low offset but has poor high 
frequency characteristics. The second capacitor, the main 


Ccomp = 1 6pF 





VFO 


FIGURE 2. ERROR AMPLIFIER WITH OUTPUT SWING CLAMPS. 


compensation capacitor, is connected from the output to 
the inverting input. 

Amplifier bandwidth is controlled by the impedance seen 
by the inverting input terminal. To the first order, 
bandwidth in a simple feedback configuration is easily 
calculated by the equation 


l 
27 (Rin)\(Ccomp) 


fo = (eq. 1) 


where Ccomp is the internal 16 pF compensation capacitor 
that appears. between the output and inverting input pins. 
The amplifier is unity gain stable for unity gain 
bandwidths less than 5 MHz (ie. Rin > 2 kohm). 


Higher gain bandwidth products can be obtained by 
choosing Rin and closed loop gain appropriately. Figure 3 













0 STS 100 5 
—~ ON Se ty 
> 30 60 Q 
= a 
<I a 
O 20 40 - 
© 10 20 x 
_ a 
O -10 ome 
— 20 — 40 
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FREQUENCY 


FIGURE 3. ERROR AMPLIFIER FREQUENCY RESPONSE. 


EA OUT 
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shows the gain and phase characteristics of the amplifier 
for various resistive input impedances. Note that the phase 
curve is the same at higher frequencies for all three values 
of Rin shown. This is to be expected, since the higher order 
poles are internal to the amplifier. The combination of Rin 
and Ccomp primarily adjust the first pole position leaving 
higher frequency phase response unchanged. 


Since the error amplifier is intended to control the fre- 
quency of the VFO, the outputs are clamped to obtain 
predictable minimum and maximum frequency. Each 
clamp circuit is actually an independent amplifier that 
monitors the output of the error amplifier and compares 
it to a reference. The reference for the lower clamp 
amplifier is the voltage at the Ivgo pin while the upper 
clamp is 2V higher. If the error amplifier attempts to ex- 
ceed either of these levels, the appropriate clamp amplifier 
overrides the third stage of the error amplifier and the 
output is held at the clamped value. Figure 4 shows a plot 
of typical input offset voltage as a function of output vol- 
tage. In the figure, the horizontal axis is output voltage 
referenced to the Iyfo voltage. Note the sharp edges at 
the two extremes indicating clamped operation. 






ERROR AMP 
INPUT VOLTAGE (mV) 
© 


NORMALIZED ERROR AMP OUTPUT VOLTAGE (V) 


FIGURE 4. ERROR AMPLIFIER OC CHARACTERISTICS. 


VARIABLE FREQUENCY OSCILLATOR 


The variable frequency oscillator and one-shot functions 
are closely integrated to achieve the desired operating 
characteristics. ECL type logic gates and comparators are 
used to facilitate high frequency (3 MHz) operation. The 
oscillator will free run at a frequency of approximately 

f(osc) = ee ee ore) 
Cvro 


In no case, however, can the frequency of the oscillator 
ever exceed the frequency required to support a complete 
pulse width from the one-shot. 


Figure 5 is a detailed block diagram of both the VFO 
and the one-shot. The frequency of the VFO is proportional 
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OSC DBL[_ + 


TRIG( 1] aaa | 1x5) 





R ) x7 am 


ONE- 
X6 SHOT 
S OUTPUT 


THRESHOLD 


OUTPUT e | | L | PUY JLIJL = || L 
TRIG | [ | - 





NORMAL VFO ONE-SHOT CONTROLLED TRIGGERED VFO OSC DBL OPERATION 
CONTROL MAXIMUM FREQUENCY 


FIGURE 58. TIMING DIAGRAMS FOR THE VFO AND ONE-SHOT. 


to the current into the Ivro pin. This pin is the input to normal operation, when Cyrfo discharges to the lower os- 
a Wilson style current mirror and exhibits the temperature cillator threshold, hysteretic comparator X1 changes state 
coefficient of two diodes (approximately 1.4V at 25C with causing gate X3 to recharge both Cvro and the timing 
a temperature coefficient of -4mV/C). Iveo current is mir- capacitor on the RC pin. Hysteretic comparator X1 then 
rored about to discharge the timing capacitor, Cvro. Under resets and the oscillator recycles. 
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The trigger (TRIG) and oscillator disable (OSC DBL) 
inputs can be used to modify the free running characteris- 
tics of the oscillator. If TRIG is raised above its threshold 
during the discharge time of the oscillator, the recharge 
sequence is immediately executed, resulting in synchron- 
ous operation. If, however, OSC DBL is true when either 
the lower threshold is crossed or the trigger input is re- 
ceived, X1 will change states, but X3 will not recharge 
the capacitors. They will continue to discharge until a 
lower retaining level is reached. As soon as OSC DBL 
returns false, then recharge action occurs immediately. 


When the error amplifier output and the oscillator input, 


IyFo are coupled with a resistor, R vfo, then the oscillator 
frequency is determined by 


Vea-Vivro 
Rvro«Cvro 


f(osc) = (eq. 3) 


where Vr, is the output voltage of the error amplifier and 


VivFo is the input voltage at the Ivro Pin. The VFO gain, 
df/dVra ig 


dffose)  _ ae ee (eq. 4) 
dVea Rvro+Cvro 
VREF 
Ru 
IVFO 
(min) = Veer — Vivro 
Ru * Cyro 
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With this simple arrangement the maximum frequency 
is given by 


2V 


Rvro+«Cvro 
since the error amplifier maximum output is clamped two 
volts above the IF VO pin. Likewise, the minimum fre- 
quency should be zero. There is, however, an obvious limi- 
tation of minimum frequency in the input offset voltage 
of the lower clamp amplifier. Actual minimum frequency is 


f(max) = (eq. 5) 


f(min) = vio (eq. 6) 


Rvro + Cvro 
For lower clamp offsets less than mV, the maximum range 


of frequency would be the ratio of 2V and 5mV, or 400 to 
one. 


When a nonzero minimum frequency is desired, an addi- 
tional current can be injected intothe Iyro pin independent 
from the error amplifier. This can be most easily 
accomplished by a single resistor from the IyFo pin to Vprr 
(figure 6). In this case, minimum frequency is given by 


Vrer— Vivro 
Ru « Cvro 


f(min) = (eq. 7) 





f(min) =_ IV 
Rm * Cvro 


FIGURE 6. MINIMUM OSCILLATOR FREQUENCY. 
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where Ry is the external resistor. It is important to note 
that this method is not inherently flat over temperature 
since the voltage at the Ivro pin varies as two diodes. If 
this variation is unacceptable, three resistors and a pnp 
transistor can overcome this problem resulting in a 
minimum frequency of . 


1V 
Ru» Cvro 





f(min) = (eq. 8) 


ONE SHOT 

The one-shot capacitor at the RC pin is recharged concur- 
rently with Cyfo. This sets the output of comparator X4 
to a low state allowing S/R latch X6 to be reset. The latch 
ig reset by the signal coming from the output of X2 in the 
oscillator section via gate X5. The output of X5 also blanks 
the one-shot off. This is done for accuracy reasons so that 
the on time is solely a function of the resistive discharge 
of the RC pin. When both caps have been charged fully, 
the oscillator circuit drives the output of X2 low allowing 
both caps to discharge. The timing cap is discharged by 
an external resistor. The threshold of comparator X4 is 
set at 80% of the timing capacitor's full charge value. 0.22 
time constants are required to reach this threshold making 
the on time 


t(on) = 0.224 RC. (eq. 9) 

When the lower threshold is reached. X4 output goes 
high setting S/R latch, X6, and the one-shot pulse is termi- 
nated. 


It is important to observe two interactions between the 
VFO and the one-shot. While the one-shot is high, gate 
X5 prevents the oscillator from erroneously blanking the 
output low. The high output also prevents X3 from recharg- 
ing the timing capacitors in the same way that OSC DBL 
does. This insures that in no case can the oscillator period 
(the inverse of eq. 2) be shorter than the time required for 
the one-shot. In cases where the VFO attempts to overrun 
the one-shot, the one-shot dominates and establishes 
maximum frequency. 


TOGGLE FLIP FLOP 


The output of the one-shot, 1n addition to limiting the 
VFO from out running the one-shot, performs two other 
functions (figure 1). A logic high level from the one-shot 
causes one or both of the outputs to drive high. The falling 
edge of the one-shot not only turns the outputts) off, but 
it triggers the toggle flip flop to change state. The toggle 
flip flop selects the output to be driven if the output mode 
control pin is low. If the output pin is high, both toggle 
outputs are high causing outputs A and B to operate in 
unison. 
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OUTPUTS 


The output blocks are well suited to driving the active 
capacitive load presented by power mosfet gates. With this 
load in mind, they are designed to deliver currents up to 
3A in both source and sink directions. Current rise times 
are in the order of 75A/us. This results in rise and fall 
times of 50 ns when driving series loads of 10nF and 2.4 
ohms (figure 7). Unloaded transitions are 12ns. Of course, 
cross conducted charge has been minimized within the 
constraints of high speed design goals. 


It is well worth noting that careful attention to low in- 
ductance printed circuit board layout along with proper 
damping and application of schottky clamp diodes are 
necessary when driving a large capacitive load directly. 
Disregard for this caution will result in the output/load 
combination becoming a highly excited tank that will ring 
and inject current into the chip substrate. Such injection 
is almost always a sure cause of problems in bipolar ICs. 


REFERENCE 


The bandgap reference needs little mention since it is a 
standard, borrowed from many previous designs. Trimmed 
for precision at wafer probe to 5V, it is snecified at 1% 
tolerance at room temperature with no more than a 2% 
spread over temperature. While intended as a reference, 
not a voltage regulator for external use, it has line and 
load rejection capabilities that will allow it to be used as 
such for loads under LOmA. A bypass capacitor is required 
on the reference. 


UVLO 


The UVLO block (figure 8) consists of three comparators 
arranged to allow for flexibility of application. They can 


accommodate off-line, DC to DC, and even operation from 
a 5V supply. 


The first of the three comparators monitors V,,¢. It has 
hysteretic thresholds of 17 and 10V. This spread is ideally 
suited to off-line applications. The output of the V,, com- 
parator is an emitter follower that can go no higher than 
approximately 6.5V. 


The second comparator monitors the UVLO pin which 
is resistively driven from the output of the V,,. comparator. 
This comparator turns the reference on or off, controlling 
the bias in the chip. When the reference is off, I,, is less 
than 0.5mA. After operation commences, I,, increased to 
approximately 35mA. The thresholds of this second com- 
parator are 4.0 and 3.5V. . 


The third comparator monitors Var and has a threshold 
of 4.5V. If either this comparator or the second has a low 
output, then the chip is disabied and reset. When this is 
the case, both output are driven to a low state, the toggle 
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Vcc = 20V 


5V/DIV 


5V/DIV 





50ns/DIV 


FIGURE 7 OUTPUT STAGE MEASURED PERFORMANCE. 
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FIGURE 8. UVLO DETAILED BLOCK DIAGRAM. 


plu 


|| Ree 





flip flop is preset to select ouput A, the soft-start capacitor 
ig discharged, and the fault latch is reset. | 
Application of the UVLO features is simple. With no 
connection to the UVLO pin, the behavior of the UVLO 
block is dominated by the V,, comparator and is suited 
for off-line usage. DC to DC applications can be made by 
two external resistors, one from V,., to UVLO and the 
other from UVLO to ground. This exploits the 4V hystere- 


tic threshold of the second comparator. Keep in mind that 
the UVLO pin has an input impedance of 23 kohm when 
selecting the two external resistors. Operation from a 5V 
supply is achieved by tying UVLO, V,,. and Varr all to 
the external 5V supply. The UVLO pin can also be used 
to disable the chip at any time by pulling it below 3.5V. 
The UVLO pin will source no more than 1.5mA when 
pulled to ground. 
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FAULT MANAGEMENT AND RESTART 
SEQUENCING 


The fault comparator and latch along with the soft-start 
and restart delay functions are shown in (figure 9). When 
the chip is powered up, UVLO resets the fault latch and 
discharges the soft-start capacitor, Cos. The restart delay 
capacitor, Crp, is also discharged since the latch is reset. 
After UVLO, Csg is charged by an internal 5A current 
source. The voltage at the soft-start pin is used to modify 
the upper clamp voltage of the error amplifier. In this way, 
a slow frequency ramp is obtained from zero to the point 
where the control loop takes over. 


The chip is designed for easy implementation of a hic-up 
style of fault management. The fault comparator will sense 
signals with a common mode range of —0.3 to 3.0V. If 
(hopefully never in your application) the input to the fault 
comparator causes its output to go high, the fault latch is 
set. Immediately the one-shot is cleared and the outputs 


SFT STRT 


CH) 5 
RST DLY 
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turn off. Ccg is also discharged. Crp is then allowed to be 
charged by an internal 5yA current source. This is the 
zero power dissipation time in the hic-up cycle. Until the 
restart delay capacitor charges to 3V, the fault latch cannot 
be reset. When both the fault comparator output is low 
and Crp is over 3V, the fault latch is reset. At this point 
in time, Crp is discharged and Cgz is allowed to soft-start 
the chip. If the cause of the original fault is still present, 
the chip will continue to hic-up until the fault condition 
is removed, when normal operation will resume. 


Note that the internal 5A sources are not tightly con- 
trolled. However, if either soft-start or restart delay time 
is critical, a 50k resistor to Vpgr will provide a precise 
current that is sufficient to swamp out any inaccuracies 
of the internal source. 


Two variations of the hic-up are possible. Selecting a 
value of zero for Cyp will cause the chip to immediately 
attempt to restart upon removal of the fault signal. If, on 


TO ERROR AMP 
HIGH CLAMP 


TO ONE SHOT CLR 





FIGURE 9 FAULT MANAGEMENT AND RESTART SEQUENCING BLOCK DIAGRAM. 
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the other extreme, fully latched fault behavior is desired, 
then the restart delay pin (RST DLY) can either be 
grounded or tied to the open collector output of an external 
logic gate. This uncommitted comparator could be used for 
this application. When Restart Delay is held low, then the 
only ways to reset the fault latch and reinitiate operation 
of the chip are to remove V,, (UVLO will clear the latch) 
or release RST DLY, allowing it to exceed 3V. 


UNCOMMITTED COMPARATOR | 


The uncommitted comparator is similar in design and 
speed to the fault comparator except its output drives an 
open collector npn transistor. This output can be used in 
a variety of applications. One would be to shunt the RC 
pin with a second resistor causing a reduction in one-shot 
pulse width. The input common mode range is identical 
to the fault comparator, -0.3 to 3.0V. 
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SUMMARY 


The UC1860 control chip has been designed with the 
necessary features to implement the control function in 
resonant mode power conversion circuits operating at fre- 
quencies up to 3 MHz. While some publicized applications 
have been considered in the design of this chip. its versatil- 
itv should accommodate many specific adaptations of re- 
gonant mode power systems as well. 


150 Watt Quasi-Resonant Power Supply 
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UC3860 RESONANT CONTROL IC REGULATES 
OFF-LINE 150 WATT CONVERTER 
SWITCHING AT 1 MHZ » 


ABSTRACT 


This paper is intended to explore in significant detail the intricacies 
of the quasi-resonant half bridge topology. Voltage and current 
waveforms in addition to transferred charge and energy will be 
analyzed as functions of time, and input/output conditions. Specific 
and generalized equations are given for this example, also 
applicable to other topologies by those skilled in modern power 
supply design. 


INTRODUCTION 


The thrust towards resonant mode power supply designs has been 
fueled by the industry's demands for increasing power densities and 
high overall efficiency. Coupled with the additional requirements for 
low EMI, many designers are exploring the most likely candidate for 
todays sophisticated, high frequency power supplies; resonant 
mode power conversion. 





While a bewildering selection of possible resonant mode topologies 
and configurations exist, this paper will focus on the quasi-resonant 
half bridge topology. Primary side resonance and zero current 
switching will be incorporated into the design, with the control circuit 
essentials performed by the UC3860 resonant mode control IC. 


Described in the text is a 150 watt off line converter switching at 
maximum frequency of 1 megahertz resulting in an effective 500 
kilohertz utilization of the main transformer. Delivering 15 voits at 10 


amperes of load current, it operates from a 110/220 AC input, or 220 
to 380 VDC at high efficiency. 


DESIGN CONSIDERATIONS AND OVERVIEW 


Although several basic topologies deserve consideration in this 
off-line application, only the Half Bridge configuration offers 
numerous key advantages. As opposed to the single-ended Forward 
converters, the half bridge provides bidirectionial utilization of the 
transformer, thus eliminating the need to incorporate dissipative or 
complex flux reset mechanisms. In addition, the primary switched 
voltage is one-half that of its single ended or full-bridge counter-part, 
significantly reducing the turn-on losses. As areminder, zero current 
switching minimizes ONLY the turn-off losses. During turn-on, 
however, the current rises linearly before resonance commences, 
and the half bridge results in lower turn-on losses due to the lower 
voltage. 


Primary side resonance will be utilized in this design, but not as an 
attempt to minimize the core size. Instead, this technique will reduce 
the peak secondary currents and rectifier losses. transferrring them 
to the primary side where the diode voltage drop is less significant, 
thus enhancing overall efficiency. Additionally, this design can be 
compared to a previous example [ref. 1] which incorporated 
secondary side resonance and operated over similar line, load, 
frequency and power variations. 
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APPLICATION NOTE 


Half cycle conduction in both design examples accomplishes a 
undirectional current flow at each of the primary switches. Unlike its 
full counterpart, all the energy stored in the resonant capacitor must 
be transferred to the output, without returning the excess back to the 
primary storage capacitors. 





The UC3860 resonant control !C will adjust the conversion frequency 
to regulate the fifteen volt output over all line and load combinations. 
Zero current switching is facilitated by modulating the programmed 
maximum on-time with the controller’s uncommitted comparator. In 
addition, overload protection is provided by means of a 
programmable restart delay circuit (hiccup) which reduces the 
conversion retry rate following a fault detection. 


DESIGN SPECIFICATIONS 


An off-line 150 watt, single output design has been selected as a 
typical application. Several items common to most designs will not 
be highlighted, for example, primary to secondary isolation and input 
filter calculations. 


INPUT VOLTAGE 

110 VAC INPUT = 85 MIN, 132 MAX (VAC) 
220 VAC INPUT = 170 MIN, 270 MAX (VAC) 
DC INPUT = 220 MIN, 380 MAX (VDC) 

AC LINE FREQUENCY = 50 HZ MIN 
OUTPUT VOLTAGE = 15 VDC 


OUTPUT CURRENT = 10 AMPS MAXIMUM CONTINUOUS, 
2.5 AMPS MIN 


LINE REGULATION = 15 MILLIVOLTS 
LOAD REGULATION = 15 MILLIVOLTS 
OUTPUT VOLTAGE RIPPLE= 

100mvV (Pk-Pk), DC-20 MHZ 
EFFICIENCY = 75% TYP. AT FULL LOAD 


TOPOLOGY FUNDAMENTALS AND OVERVIEW 


The general circuit diagram for a quasi-resonant half bridge 
converter using primary side resonance is shown with the 
corresponding waveforms. Transistors Q1 and Q2 are alternately 
driven from the control circuitry at a repetition rate determined by the 
UC3860's error amplifier output voltage and turned off atzero current 
by the detection circuitry. 


Transistor Q1 turns on at time t(0), connecting the series resonant 
L © tank across the bulk storage capacitor C1, with a voltage 
potential of +Vin/2. The primary current ramps up linearly at the rate 
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of +Vin/(2*Lr) from zero to lout/N which is intersected at time t(1). 
During this interval dt(1-0) all primary current is delivered to the 
output, and no voltage is across the resonant capacitor Cr. 


Beginning at time t(1), primary current can be expressed by adding 


the two individual components; the "constant" output current lout/N, 


and the sinusoidal current (Ir) flowing through the resonant capacitor. 
The peak resonant current is determined by the iput voltage (+Vin/2) 
divided by the characteristic tank impedance, Zn. Primary current 
rises to its peak of Ir plus lout/N, and decreases sinusoidaly. It 
intersects the output current (lout/N) again at time t(2), and crosses 
zero at time t(3) when the transistor switch is turned off. 


In asinuosidal manner, the resonant capacitor voltage begins its rise 
at time t(1) and continues to its peak at time t(2). The voltage then 
decreases until time t(3) where it then begins. a linear discharge at 
the rate of lout/Cr. Zero voltage is reached at time t(4) when all stored 
charge in the resonant capacitor has been transferred to the output. 
This waveform is also the transformer primary voltage, and is 
reflected to the secondary side by the turns ratio N. 


Secondary current has a linear leading edge until reaching its 
plateau of lout, assuming a negligible magnetizing current for the 
output inductor. The resonant capacitor provides a constant current 
to the output until its charge is totally transferred. At this point, the 
energy is stored in the output LC section provides a regulated output 
until the next cycle is initiated. Consecutive switching cycles will 
repeat the conversion process and corresponding waveforms. 


WAVEFORMS 
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APPLICATION NOTE 


QUASI-RESONANT CIRCUIT LIMITATIONS 


In order to facilitate zero current switching, the peak resonant current 
component I(r) must always be greater than lout, or the zero inersect 
will not be reached. Specifically, the output impedance (Zo) must 
always be greater than the characteristic tank impedance, (Zn). This 
relationship also specifies the minimum input voltage (Vin min) and 
maximum output current (lout) limits for proper circuit operation. 


The ideal ratio of the full output current (lout max) to the minimum 
resonant peak current Ir(peak) min is unity. This insures resonance 
at all loads while preventing excessively high peak resonant tank 
currents, and losses. A twenty-five percent overload current will be 
used as a guardband in this design. Typical of many current limit 
tnresholds, it corresponds to an 0.75:1 ration of lout(max) to 
Ir(peak)min. 


NOTE: 
Zero crossing does not occur 


when | OUT >| R(PK) 


Being a Buck derived topology, the secondary input and output 
volt-second products must be equal, thus defining Vin (secondary) 
minimum. The resonant tank inductor and capacitor can be 
transposed to the secondary also, and calculated knowing Vin 
min(sec), F(res) and Z(o)min. Once the transformer turns ratio has 
been determined, these can be appropriately scaled to the primary 
side. 


The resonant L-C components are now uniquely defined by: 


Uijsteas Vsec(min) _ _0.12Vsec (min) 
~ 2« Pix Fres» lout Fres = lout (max) 


C(r)sec = 1 [(2*Pi*Fres)**L(r)=91nF 
Z(r)sec = (L(r)/C(r))°° = 1.39 ohms, 
and Fres = 1.25 MHz 


TRANSFORMER TURNS RATIO 


The determination of the transformer turns ratio for this design will 
begin similarly to that of conventional square wave converters. 
Obviously, the required output volt-second product must first be 
satisfied with the most difficult condition being low line and full load. 
A topology coefficient, K(t) is introduced to specify the maximum 
ratio between the conversion (switching) frequency andthe resonant 
tank frequency. This is somewhat analagous to maximum duty cycle 
is asquare wave converter. As K(t) approaches unity, the utilization 
is maximized and turns ratio is optimized. 





= 175nNH 


Charge is taken from the bulk storage capacitors during each cycle 
and stored in the resonant capacitor. The output load discharges this 
at a rate determined by the output currrent, and the discharge time 
varies inversely with load current. At fullload, the minimum discharge 


time is reached, peduceing thie fopalogy coemelent, K(t), to0,8in this | 


application. 
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To satisfy the required output volt-second product of this Buck 
derived converter at low line: 


Vpri* K(t) Bene « [Vp (min) - Vloss] 
DN! 7 De (Vo + Vd + Vioss) 


More specifically, the turns ratio can be calculated by examining the 
total charge transferred per cycle, Q(t). This varies as a function of 
Vin, lout and Vout, assuming C(r) is fixed and zero current switching. 
[ref 2] Using the specified parameters for this design, the 
relationships are combined and the quadratic equation is solved, 
resulting in a turns ratio (Np/Ns) of 5.1:1 also. The design will 
proceed using a 5:1 ratio for simplicity. 


Lrs « ] _ OFS * (Vp - va) 
Mage. Vd) PON A a Fre (Vo+ Vd)” 2%(Vo+ Vd) * 


where Tc= 1/Fconv(max) = 1us; Vx= Vloss primary MOS switch 


Vout = =5.1:1 


(Vpri- Vx) =» Crs _0 





Vd=Vrectifier (output); lo=lout maximum 
and Vpri=Vp(minimum) 
MAIN TRANSFORMER DESIGN 


Off-line transformers lend themselves to low, wide bobbin windows, 
typical of the ETD geometry. This shape window provides adequate 
room to accomodate the creepage andclearance distances required 
for international safety specifications. Transformer losses will be 
held around one-percent of the total input power, or approximately 
2 watts with atemperature rise not to exceed 40 degrees Centigrade. 
A core size is selected with a thermal impedance R(t) in the 
neighborhood of 40°C/2W, or 20°C/W. The precise size will be 
calculated using the area-product formula for core-loss limited 
conditions, typical in a high frequency power supply. 


1.58 


4 
Pin * reser # (Kft Kaf2)°%° hee 


120Ke2f 
WHERE: 

Pin = Input Power - 180 Watts 

K = Winding Factor = 0.163 for a half bridge 

f = Transformer Frequency = 500 KHZ 

Kh = Hysteresis Coefficient = 4*10*-5 for 3C85 
Ke= Eddy Current Coefficient = 4*10°'° for 3C85 


Acalculated area-product of 0.543 cm‘ steers the selection towards 
the ETD-34 geometry and size, and 3C85 material. Since the core 
volume is slightly larger than required, the actual core losses (per 
cm 2) will be lower than first estimated. 


ar-| 


Calculating the volt-second product for this primary side resonant 
design is more difficult than for that of its secondary side 
counterpart. Integrating the complex voltage waveform over the 
conversion period is the most exact method, as detailed in the 
charge transfer equations [ref2]. A less precise, yet fairly accurate 
technique is to assume a triangular voltage waveform, breaking the 
period into on-time and off-time sections. Addition of these geometric 
areas (V*t) results in an estimate of the actual primary volt-second 
product. Core losses will need to be analyzed over the full range of 
line, load and conversion frequency ranges. The minimum number 
of primary turns will be calculated using low line conditions, and the 
cross sectional core area of 0.971 cm*. A total flux density swing of 
1 kiloGauss (per manufacturers data) isrecommended not to exceed 
the allocated temperature rise. 


PrimaryV « t product « 10° 
FluxSwing «= CoreArea 





Np (min) = 
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APPLICATION NOTE 


Using low line condition and 10V MOS drop. 
0.5+200:10°°#10" 
0.100 T0.971 cm? 
(Use 10 Turns) 


The actual core power density is calculated from the following 
equation, allowing a 20 degree temperature rise due solely to core 
losses. 





Np (min) = = 10.37urns 


3 
Power Density = Re Vol 19-7.64 ~ 138mw\cm 

The manufacturers core data lists the thermal resistance of the 
ETD-34 core set as 19 degrees C per watt, with a core volume of 
7.64 cm®. Several methods of dividing the power losses between 
core and copper loss can be used. The most common of these 
suggests an almost equal split between the two, allowing slightly 
more core than copper loss if possible. An even division of the total 
losses between the two will be utilized in this design as a first 
approximation. Later, an evaluation of the minimum number of turns 
and wire sizes may suggest that the 50/50 ratio be changed to 
favorably accommodate fewer turns, or less copper. 


It has already been established in a previous section that the turns 
ratio for this design be 5:1, Npri: N sec. Minimization of the leakage 
inductance is obtained by "sandwiching" the secondaries between 
the primaries, or using a split primary winding technique. 


In this example, one-half of the primary number of turns will be 
wound first, closest to the core center leg. Then, the corresponding 
secondary is wound directly above its primary, followed by the other 
secondary. The final winding is the remaining primary half, with good 
coupling to its corresponding secondary as shown in the following 
figure. 


WINDING ORIENTATION 


Copper strap or foil will be utilized for each winding to minimize 
"build-up" which increases the distance between windings, hence 
leakage inductance. The necessary primary and secondary copper 
areas are calculated using their respective currents divided by 450 
amps/cm? for a low temperature rise. Other transformer specifics 
are calculated below. 


PRIMARY RMS CURRENT, | pri(rms) = 2.8 AMPS RMS 


SECONDARY RMS CURRENT 1sec(rms) - 7.1 AMPS RMS (EACH 
WINDING) | 


PRIMARY CONDUCTOR AREA Axp = 
6.33*10%cm? 


SECONDARY CONDUCTOR AREA Axs = 1sec(rms)/450A/Cm3 
=15.8*10%cm? 


PRIMARY INDUCTANCE, Lpri = Al*Np? = 190 uH 
SECONDARY INDUCTANCE, Lsec = Al*Ns? = 7.6 uH (each) 


The primary conductor area is approximately equal to that of an 
AWG #19 wire, while the secondary area is closest to an AWG #14 
wire. From Eddy Current calculations is can be seen that the depth 
of penetration at SOOKHZ is 10. 6*10°'? cm, or about the thickness of 
an umber 37 AWG wire. The most practical technique to minimize 
the AC loss in a transformer winding is to incoporate copper strip, or 
foil, as in this design. Its width is determined by the bobbin width and 
safety spacing requirements of 8 mm per winding as shown. 


Ipri(rms)/450 A/cm3 = 


An 8 millimeter primary to secondary spacing between the winding 
ends will be subtracted from the bobbin width of 2.1cm, leaving 1.30 
cm for the copper strap width. Allowing for tolerances, standard 
half-inch (0.500") width foil will be utilized in this design. 


Standard 2 "mil" (0.002 in) foil will be used for the primary, which is 
slightly larger than the required thickness of 1.872 thousandths of 
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an inch. The calculated secondary thickness exceeds the depth of 
penetration, so twin foils each of half the required thickness (0.0085 
cm) are mandated. Each of the three "mil" (0. 003") foils will be thinly 
insulated from the other. 


The resistance and power loss of each winding is summarized: 
R pri = 2.29*10°°* 5.99 *10 T/6.18 *10°° = 22.2 milliohms. 

R sec = 2.29*10° *5.99*2T/21.91 *10° = 1.25 milliohms — 
Winding power loss = 1 rms* (winding) * Resistance (winding 
P loss pri = 2.87 * 0.0222 = 174 milliwatts (each wdg) 

P loss sec = 7.17 * .125*1 °° = 63 milliwatts (each wdg) - 

P loss copper = 2*(174 + 126 mW) = 0.60 watts 

Transformer power loss = copper + core loss = 1.5 watt total 
Temperature rise = R(0) * Ploss total = 19°C/W * 1.5 = 28.5°C 


anno nen 


2.101 cm (.827" 
< 1.30 cm (0.512") Gia beara, 


1/2 Primary - 5 turns 
copper strip 0.002" x 0.500" ew 


=== Secondaries - 2 turns x 2turns == 
—— copper strip 0.003" x 0.500" 


. 1/2 Primary - 5 turns 
copper strip 0.002" x 0.500" 


- *#— 0.698 cm (0.275") ——>I 


ETD-34 
Bobbin 


Insulating mylar film 
2 ml thick 0.8 in. wide 
. between each turn 


DESIGN PROCEDURE AND SUMMARY 


The resonant components can now be transformed to primary side 
values using the caluclated turns ratio N. 


Lir)p = L(r)s * N? = 4.4 uH 
C(r)p = C(r)s / N* = 3.6 nF 
Z(r)p - [ (L(Np / C(r)p)°*] = 35 ohms 


Additionally, the peak primary current and rms currents at the 
transistor switch, transformer primary and secondary rectifiers are 
calculated by the following relationships: 


I(p)pk = [lo(max)/N] + Mpinaninernt )p) =5.2A 
@220V, 7.4A @380V 


I(p)rms = I(p)pk*[Ton/(2*Tconv(°° = 2.85 Arms at XFMR primary 
(assume pulsed sinusoid) = 2.01 Arms at each switch 


I(s)rms = I(o)max*[(Ton/Tconv)0.5] = 7.8Arms at XFMR secondary 
= 5.5Arms per rectifier 


The selection of semiconductors, rectifiers, heatsinking 
requirements and wire gauges follow standard design practices. For 
the purpose of this paper, no elaboration is included, however is 
detailed in references. 1 and 2. Using this design equations listed 
previously and in the Appendix, these parameters can be calculated 
and plotted over the line and load ranges specified, and are 
summarized in the following graphs: 
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APPLICATION NOTE 





TIMING CONSIDERATIONS 


The operation of this quasi-resonant circuit has been described as 
requiring a variable frequency, FIXED on-time control pulsetrain. In 
actuality, the on-time must be varied to facilitate zero current 
switching with changes in input voltage and output current. Using 
the timing relationships presented in chapter five, the on-time is 
calculated and plotted for the ranges of Vin and lout. 


ON-TIME vs. Vin AND lout 





The charge transferred from the primary to the secondary per cycle 
is a function of both Vin and lout. Using the equations presented 
previously in section 5, the results are graphically represented in the 
following figure. 


Transferred Charge vs. Vin and lout 
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For the selected values of voltage and current shown, the average 
change required in voltage or output current per micro Coulomb 
transferred have been calculated. 
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AVERAGE dV/uC = 5.935 V/uC; and the average dl/uC = 2.086 A/uC 


The energy transferred per cycle is obtained by multiplying the 
results from the charge calculations by Vin/2 to convert from charge 
to energy, with the results shown below. 


ENERGY TRANSFERRED PER CYCLE 


200 


ENERGY TRANSFERRED (W) 
MICRO JOULES PER CYCLE 





The conversion period is obtained by dividing the energy transferred 
per cycle by the output power, accounting for an overall efficiency 
near 85%. Conversion frequency, its inverse, is graphically depicted 
for various input voltages and output currents below. 


CONVERSION FREQUENCY 

The control circuit adjusts the conversion frequency to maintain a 
constant output voltage of V out over changing line and load 
combinations. Maximum conversion frequency will occur at low line 
and full load, where, by design, the frequency equals the resonant 
tank frequency divided by K(t). Minimum frequency will occur at high 
line (Vpri max) and light load (lout min), and the following equation 
can be used to estimate the conversion frequency for various line 
and load possibilities. . 


F 2 
_ vpri 2«N«Lrs«lo .* Crs lo 
TOON Novel er PN Beer 


which can be expanded to account for losses in both the primary 
switches (Vx) and output rectifiers (Vd) and reduced to: 


Lrsslo | __Crs+(Vp- Vx)? : Vp-Vx 
Vo- Vd Dx N se / O«( Vo- Vad) 4 * N: oy Fi i *( Vo- Vd) 





Tconv = 


CONVERSION FREQUENCY vs. Vin & lout 
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OUTPUT FILTER DESIGN 


The output inductor will be designed for one amp of ripple current at 
the minimum conversion frequency of approximately 200 KHZ 
equating to 90 uH. Due to the variable frequency operation, the ripple 
current will change inversely with operating frequency, as maximum 
load occurs, the ripple current is at its lowest. A 1.3" 0.d. toroidal 

core of high frequency material was utilized, available as a sander 
product from Pulse Engineering. 


For the output capacitance, two 100 uf electrolytic capacitors were 
used in parallel to achieve an ESR value of 3 to 15 millionms — a 
broad range necessitated by the difficulty in getting specified high 
frequency data from capacitor manufacturers. A final component 
added to the output filter is a good high frequency capacitor to bypass 
the inductive components of the electrolytics and shunt any 
switching spikes which might get to the output. Unitrode "P" type 
ceramic monolythic capacitors are used for this application. 


THE UC3860 RESONANT MODE CONTROL IC 


The versitile UC3860 resonant mode controller easily implements 
fixed on-time, frequency modulated control schemes while providing 
various user prograrnmable features and unique fault protection. 
Specifically, this 3 MHz device includes dual 3 amp peak totem pole 
output drivers and precision clamps on the 5 MHz error amplifier 
output to accurately control minimum and maximum frequency. In 
addition, an uncommitted comparator is included for use with zero 
current switching techniques, and programmable fault thresholds 
and logic for reduced losses during overload conditions. Preset 
undervoltage lockout thresholds of 17/10 volts are optimized for 
off-line designs, but are easily reprogrammed by the user for other 
applications. 


Each of the UC3860 functions are utilized in this design and have 
been previously highlighted in the references. Zero current detection 
and switching is performed by connecting the uncommitted 
comparator’s output to the one shot timing network, a technique 
which allows a programmed maximum on-time that can be 
modulated as zero current is crossed. Any propagation delays can 
effectively be "nulled-out" with the addition of anticipator circuit 
detailed in references 1 and 2. A programmable restart delay 
following the receipt of a fault condition, often referred to as "hic-cup" 
has been incorporated in addition to soft start, which gradually 
_ increases the conversion frequency in a resonant converter. The 
UC3860 provides complete regulation and control for this 150 watt 
design over all line and load combinations. 


CLOSING THE LOOP 


There are several gain stages in the quasi-resonant control loop, 
and each. will be examined to obtain good closed loop circuit 
response. The block diagram below displays the various gain 
stages. 


BLOCK DIAGRAM - CONTROL LOOP. 
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- POWER STAGE 


The small signal gain of the power stage will be approximated by 
analysis of the charge transferred at various line and load 
combinations. An assumption is made that the power switch on-time 


_isconstant, and any changes in frequency directly effect the off-time, 


or resonant capacitor discharge time. Additionally, both Vin and lout 
are assumed to be constant during the interval of interest. 


Tabulated below at several points of interest are the values for this 
gain, obtained from the results of previous sections for work done in 
the references. The gain of the power stage (in volts per hertz) varies 
significantly over the input and output ranges, and the highest value 
will be used to approximate the worst case condition. 


VIN |OUT Win Fconv GAIN GAIN. 
sec(V) (A) uJ/cyc KHZ Vusec (db) 
22 2.5 50 450 9.0 19.1 
38 2.5 140 180 10.1 20.1 
22 5 60 730 8.76. 18.9 
38 5 160 320 10.7 206 
22 7.5 78 900 965 19.7 
38 7.5 185 450 1.3 21.41 
22 10 91 1000 955 19.6 
38 10 205 560 11.8 21.5 


Aslightly greater than worst case value of 23 volt-microseconds will 


_be used for the power stage. Multiplying this by. the VFO gain of 0.4 


Mhz/v results in an combined gain of 9.2 Vout / Vea out. 


PWR STAGE ATTENUA ON 
& OUTPUT COMBINED‘ 


= PWRSTAGE& “ 
OUTPUT FILTER & 
ATTENUATOR © 
LOOP GAIN 
ERROR AMP 


FREQUENCY (HZ) 
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APPLICATION NOTE 


POWER SUPPLY PERFORMANCE 


This 150 watt quasi-resonant supply performed flawlessly over its 
specified parameters, attaining the overall full load efficiency goal of 
80%, however, only at low line. A decrease to 75% was seen as high 
line was approached, an indication that more attention to high dV/dt 
losses should be exercised. Nevertheless, low switching noise, 
quasi-sinusoidal power waveforms and substantially reduced EMI 
are worthwhile benefits, especially over conventional square wave 
converters. The relavent primary voltage and current, in addition to 
secondary voltage waveforms are displayed. These plots were 
obtained using a 250 MHz bandwidth digitizing scope, UHF 
measurement techniques and no bandwidth limiting or waveform 
averaging to distort the high frequency components. 





Construction of the power conversion stage was accomplished using 
the Unitrode UC3860 demonstration kit printed circuit board, with 
ample facilities to accomodate a variety of quasi-resonant topologies 
and configurations. The control section was built using the UC3860 
evaluation kit p.c. board, and interconnections to the gate drive and 
current sense transformers made with 75 ohm coaxial cables. An 
auxiliary winding from the main transformer and opto-coupled 
feedback were later added to this design for complete primary to 
secondary isolation. 


Unitrode Integrated Circuits Corporation 
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SUMMARY AND CONCLUSIONS 


The ultimate blend of high power density with high efficiency and low 
noise is realizeable today using quasi-resonant techniques, 
conventional topologies and existing components. In most 
applications, the upgrade is quite simple, as many of the devices go 
unchanged in the process. The control circuit, on the other hand, 
requires a far more sophisticated controller than for its square wave 
predecessors. Additionally, as switching frequencies are further 
pushed towards and beyond a megahertz, the needs for even higher 
performance and higher speed control logic become increasingly 
obvious. The UC3860 resonant mode controller exceeds these 
requirements, simiplifying and condensing the control circuit design 


process to resistor and capacitor value selections. 
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NEW DRIVER ICs OPTIMIZE HIGH SPEED POWER MOSFET 
~ SWITCHING CHARACTERISTICS 


Bill Andreycak 
UNITRODE Integrated Circuits Corporation, Merrimack, N.H. 


ABSTRACT 


Although touted as a high impedance, voltage controlled device, 
prospective users of Power MOSFETs soon learn that it takes high 
drive currents to achieve high speed switching. This paper 
describes the construction techniques which lead to the parasitic 
effects which normally limit FET performance, and discusses several 
approaches useful to improve switching speed. A series of drivers 
ICs, the UC3705, UC3706, UC3707 and UC3709 are featured and 
their performance is highlighted. This publication supercedes 
Unitrode Application Note U-98, origionally written by R. Patel and 
R. Mammano of Unitrode Corporation. 


INTRODUCTION 


An investigation of Power MOSFET construction techniques will 
identify several parasitic elements which make the highly-touted 
"simple gate drive" of MOSFET devices less than obvious. These 
parasitic elements, primarily capacitive in nature, can require high 
peak drive currents with fast rise times coupled with care that 


excessive di/dt does not cause current overshoot or ringing with .. 


rectifier recovery current spikes. 


This paper develops a switching model for Power MOSFET devices 
and relates the individual parameters to construction techniques. 
From this model, ideal drive characteristics are defined and practical 
IC implementations are discussed. Specific applications to 
switch-mode power systems involving both direct and transformer 
coupled drive are described and evaluated. 


POWER MOSFET CHARACTERISTICS 


The advantages which power MOSFETs have over their bipolar 
competitors have given them an ever-increasing utilization in power 


SOURCE CONTACT 


DEPLETION EDGE 


DRAIN CONTACT 


systems and, in the process, opened the way to new performance 
levels and new topologies. 


A major factor in this regard is the potential for extemely fast 
switching. Not only is there no storage time inherent with MOSFETs, 
but the switching times can be user controlled to suit the application. 
This, or course, requires that the designer have an understanding 
of the switching dynamics inherent in these devices. Even though 
power MOSFETs are majority carrier devices, the speed at which 
they can switch is dependent upon many parameters and parasitic 
effects related to the device’s construction. 


THE POWER MOSFET MODEL . 


An understanding of the parasitic elements in a power MOSEFT can 
be gained by comparing the construction details of a MOSFET with 
its electrical model as shown in Figure 1. This construction diagram 
is a simplified sketch of a single cell - a high power device such as 
the IRF 150 would have = 20,000 of these cells all connected in 
parallel. 


In operation, when the gate voltage is below the gate threshold, 
Vg(th), the drain voltage is supported by the N-drain region and its 
adjacent implanted P region and there is no conduction. 


When the gate voltage rises above Vg(th), however, the P area 
under the gate inverts to N forming a conductive layer between the 
N+ source and the N-drain. This allows electrons to migrate from 
source to drain where the electric field in the drain sweeps them to 
the drain terminal at the bottom of the structure. 


SOURCE 


FIGURE 1 - SIMPLIFIED CROSS SECTION OF A POWER MOSFET CELL AND ITS ELECTRICAL EQUIVALENT. 





9-219 





In the equivalent model, the parameters are defined as follows: 


1. Lg and Rg represent the inductance and resistance of the wire 
bonds between the package terminal and the actual gate, plus the 
resistance of the polysilicon gate runs. 


2.C1 represents the capacitance from the gate to both the N+ source 
and the overlying source interconnecting metai. Its value is fixed by 
the design of the structure. 


3. C2 + C4 represents additional gate-source capacitance into the 
P region. C2 is dielectric capacitance and is fixed while C4 is due to 
the depletion region between source and drain and varies with the 
gate voltage. Its contribution causes total gate-source capacitance 
to increase 10-15% as the gate voltage goes from zero to Vg(th). 


4. C3 + C5 is also made up of a fixed dielectric capacitance plus a 
value which becomes significant when the drain to gate voltage 
potential reverses polarity. 


5. C6 is the drain-source capacitance and while it also varies with 
drain voltage, it is not a significant factor with respect to switching 
times. 


EVALUATING FET PARASITIC ELEMENTS 


Although it is clearly not the best way to drive a power MOSFET, 
using a constant gate current to turn the device on allows 
visualization of the capacitive effects as they affect the voltage 
waveforms. Thus the demonstration circuit of Figure 2 is configured 
to show the gate dynamics in a typical buck-type switching regulator 
circuit. This simulates the inducitve switching of a large class of 
applications and is implemented here with a IRF-510 FET, which is 
a4amp, 100V device with the following capacitances: 


Ciss = C1+C4+4 C5 = 135 - 150 pF 
Crss = C5 = 20-25 pF 
Coss = C5 + C6 = 80-100 pF 


Vgs = OV 


| 25usec | 


FIGURE 2 - SWITCHING TIME EVALUATION CIRCUIT. 





In this illustration, the load portion of the circuit is established with 
Vin = 25V. lo = 2A. and f = 25Khz. The resultant turn-on waveforms 
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are shown in Figure 3 from which the following observations may be 
made: 9 ae 


Drain Current LA/div. 


™\ Drain Voltage 10V/div 


FIGURE 3-FET TURN-ON SWITCHING CHARACTERISTICS 
WHEN DRIVEN WITH A CONSTANT GATE CURRENT 


1. For afixed gate drive current, the drain current rise tiime is 5 times 
faster than the voltage fall time. 


2. There is a 10-15% increase in gate capacitance when the gate 
voltage reaches Vg(th). . 


3. The gate voltage remains unchanged during the entire time the 
drain voltage is falling because the Miller effect increases the 
effective gate capacitance. , 


4. The input gate capacitance is approximately twice as high when 
drain current is flowing as when it is off. 


5. The drain voltage fall time has two slopes because the effective 
drain-gate capacitance takes a significant jump when the drain-gate 
potential reverses polarity. 


6. Unless limited circuit inductance, the current rise time depends 
upon the large signal gu and the rate of change of gate voltage as 
Ald = gm AVg 


CHANGES IN EFFECTIVE CAPACITANCE 


The waveform drawings of Figure 4 illustrate the dynamic effects 
which take place during turn-on. As the gate voltage rises from zero 
to threshold. C2 is not significant since C4 is very small. At 
threshold, the drain current rises quickly while the drain voltage is 
unchanged. This, of course, is due to the buck regulator circuit 
configuration which will not let the voltage fall until all the inductor 
Current is transfered from the free-wheeling diode to the FET. 


While the drain current is increasing, there is a slight increase in the 
gate capacitance due to the large current density underneath the 
gate in the N-region close to the P areas. 


As the drain voltage begins to fall, its slope depends upon gate to 
drain capacitance and not that from gate to source. During this time, 
allthe gate current is utilized to charge this gate to drain capacitance 
and no change in gate voltage is observed. This capacitance initially 
increases slightly as the voltage across it drops but then there isa 
significant jump in value when the drain falls lower than the gate. 
When the polarity reverses from drain to gate, a surface charge 
accumulation takes place and the entire gate structure becomes part 
of the gate to drain capacitance. At this point the drain voltage fall 


time slows for the duration of its transition. 
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+—C1+C2+C3 
= 480 pF 





+— C1+Cs5 +C22=230 pF 


Cy -C5 =150 pF 


C3 = 300 pF 





FIGURE 4 - Parasitic CAPACITANCE VARIATION FOR A 
UFN510 MOS FET DURING TURN-ON | 





AN OPTIMUM GATE DRIVE 


In most switching power supplly applications, if a step function in 
gate current is provided, the drain current rise time is several times 
faster than the voltage fall time. This can result in substantial 
switching power losses which are most often combated by 
increasing the gate drive current. This creates a problem, however, 
in that it further reduces current rise time which can cause overshoot, 
ringing, EMI and power dissipation due to recovery time for the 
rectifiers which are much happier with a more slowly changing drain 
current. 


In an effort to meet these conflicting requirements, an idealized gate 
current waveform was derived based upon the goal of making the 
voltage fall time equal to the current rise time. This optimum gate 
current waveform is shown in Figure 5 and consists of the following 
elements 
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GATE CURRENT 


ID2 
cas Igo > lat 


_ Vd2 >Vai 


@la Oar 


FIGURE 5 - AN "IDEAL" GATE CURRENT TURN-ON DRIVE TO 
PROVIDE EQUAL CURRENT RISE AND VOLTAGE FALL 
TIMES WITH AN INDUCTIVE LOAD 


1. An initial fast pulse to get the gate voltage up to threshold. 


2. A lesser amount to slow the drain current rise time. This value 
however, will also be a functiion of the required drain current. 


3. Another increase to get the drain voltage to fall rapidly with a large 
current pulse added when the drain gate potential reverses. _ 


4. Acontinued amount to allow the gate voltage to charge to its final 
value. 


Obviously this might be a little difficult to implement in exact form, 
however, it can be approximated by a gate current waveform which, 
instead of being constant, has a rise time equal to the desired sum 
of the drain current rise time and the voltage fall time, and a peak 
value high enough to charge the large effective capacitance which 
appears during the switching transition. The peak current 
requirement can be calculated on the basis of defining the amount 
of charge required by the parasitic capacitance through the switching 
period. 





A linear current ramp will deliver a charge equal to 


Q- Ip :ton where we define 
2 ton=td+tn+ tfv 


The total charge required for switching is 


Q = Ciss [Vg (th) - a ors [Vopo- Vg (th)]-CrssV¢Q (th) 
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where Crss’ is the gate-drain capacitance after the polarity has 
reversed during turn-on and is related to Ciss by the basic geometry 
design of the device. A reasonable approximation is that Crss’=1.5 
Ciss. With this assumption. 


Ip = F [Cis (2.5Vg (th) + a) + Crss (Vop- Vg (th) )] 


Asan example, if one were to implement a 40 V. 10A buck regulator 
with a UFN150, it would not be unreasonable to extend the total 


switching time to 50 nsec to accomodate rectifier recovery'time. An ~ 


optimum drive current for this application would then take 50 nsec 
to ramp from zero to peak value calculated from 


-Ciss = 2000pF ton = 50nsec 
Crss = 350pF Vop = 40V 
Vg (th) = Id=10A 
10A 
Iu= 5 5y7 4s 
as Ip = #2 [2000 x 10°'? (2.5 x3+ a0, 350 x 10°"? (40 - 3)] 
50 x 10 4 : 


'. Ilo = 1.32 amps peak 


The above has shown that while high peak currents are necessary 
for fast power MOSFET switching, controlling the rise time of the 
gate current will yield a more well-behaved system with less stress 
caused by rectifier recovery times and capacitance. This type of 
switching requirement. can be fulfilled with integrated circuit 
technology and several IC’ s have been developed and applied as 
MOSFET drivers. 


TOTAL GATE CHARGE (Qg) 


Another approach used to quantify and understand MOSFET gate 
drive requirements is much simpler than that of examining the 
instantaneous voltages, currents and capacitances. The term "Total 
Gate Charge", or Qg specifies the amount of gate charge required 
to drive the FET gate-to-source voltage (Vgs) from zero to ten volts, 
or vice-versa.-For most high voltage devices, these thresholds 
correspond to the FET being either completely on or off. 


Charge (Q) can be expressed as the product of either current 
multiplied by time (I*T), or capacitance multiplied by voltage (C*V) 
inthe units. of Coulombs. Most contemporary devices have total gate 
charge requirements in the tens to low hundreds of nano Coulombs, 
dependent almost entirely on die’s geometry. For example, an 
IRF710 (size 1) FET has a total gate charge requirement of only 7.7 
nC whereas the IRFP460 (size 6) demands 120 nC, and both are 
typical values. 





IRFP.460 = 


IRFP 440 


PARAMETER IRFP 450 | 


Qgd (NC) 
Qg (NC) 





There are two specified parameters contained within the total gate 
charge expression; Qgs, the gate-to-source charge, and Qgd the 
gate-to-drain, or "Miller" charge. Qgs is the amount of charge 
required to bring the gate voltage from zero up to its threshold VGS 
(th), of approximately 6 volts. Qgd defines the amount of charge that 
must be input to overcome the "Miller" effect as the drain voltage 
falls. This occurs during the plateau of the gate-to-source voltage 
waveform where the voltage is "constant". Excess charge is added 
to lower the effecive Rds (on) until the gate voltage reaches 10 volts, 
wher Qg is specified. Further increases above this level do NOT 
lower Rds (on), so a 10-12 volt driver bias is ideal. 
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The total charge curve can be examined in sections to define the 


- ideal driver's characteristics. Using a constant current of 1 ampere, 


the total charge curve (Qg=I*T) in nanoCoulombs also represents 
the MOSFET turn-on delay, drain current rise and drain voltage fall 
times in nanoseconds. 


Gate-Source Voltage vs. Gate Charge 


g 4G 80 120 160 
| | GATE CHARGE (NANO COULOMBS) 


<< os ——> | 
ree Qgd >| 
| | | | a | 


4) AD 80 120 169 208 
TIME (NANOSECONDS) WITH 1AMP DRIVE 


200 


_ First of all, and most importantly, the average capacitive load 
_ represented by the FET to the IC driver is NOT the specified 


MOSFET input capacitance, Ciss. The effecive input 
capacitance, Ceff, is the total charge divided by the final gate 


_ voltage, Vgs(f); 


Ceff = Qg(total) Vgs(f). 


_ Using the total gate charge curve show above, the 460 FET with Vds 


(off) = 400 volts has an effective input capacitance (Ceff) of 
approximately 120nC/10Ov, or 12 nF during the interval of 0 < Vgs < 
10v. The specified input capacitance of Ciss = 4.1nF applies only at 
Vgs=0, and is often mistaken for the driver's actual load. 


The Qgs portion of the curve is primarily governed by the driver's 


_ ability to quickly turn ON. Therefore, a sharp, fast transition of the 


totem-pole output from low to high is essential to minimize the delays 
from 0 < Vgs < VGS (th). In most applications the driver IC is not 
peak current limited during this interval, since its is more likely to be 
dV/dT limited. The effective gate ig rapeciane is approximately 
Qgs / VGS(th), or Ciss. 


Evident from the charge. epiaciicaileas: most of the Sehiat size 
FETs used in switch-mode power supplies (sizes 4. 5 and 6) have 
much larger Qgd demands than their gate-to-source counterpart, 
Qgs. During this Qgd interval, the gate voltage remains "constant" 
while gate charge accumulates and the drain voltage collapses. It is 
also during this period that most drive circuits are simply peak 
current limit, whether by the driver IC or an external resistor. High 
peak currents are necessary for fast transitions through this interval, 
especially when driving large geometry FETs. 


Full drain current is flowing at the beginning of the Qgd portion of the 
Qg curve, and notice that the drain voltage remains high. FET power 
loss is at its maximum here, and. decreases linearly with Vds. A 
majority of the Qgd charge goes to combat the "Miller" effects as the 
drain voltage falls from that of its off condition to Vgs, or 
approximately Vgs(th). The remainder of the charge is used to bring 
the drain voltage down below that of the gate, decreasing the 
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effecive gate capacitance over the Qgd interval since there is 
relatively no change in gate voltage. The important fact, however, is 
that high peak currents are needed to minimize the FET power loss 
and transition time. 


The remainder of the gate charge brings the gate voltage from VGS 
(th) to 10 volts. This "excess" charge reduces the FET "ON" 
resistance to its minimum, and raising the gate voltage above 10 
volts has no further effect on reducing the Rds (on). The effective 
gate capacitance, which is high, can be obtained by dividing the 
charge input by the change in gate voltage during this region. 


Ceff = [Qg - (Qgd+Qgd)] / (10v - VGS (th) ) = 40nC/4v = 10nF for 
the IRFP460 


FET DRIVER ICS 


In searching for IC’s capable of providing the fast transitions and 
high peak currents required by power MOSFETs, one of the first 
devices which became popular was the DS0026. While this |C was 
origionally designed to be dual clock driver for MOS logic, it was 
capable of supplying up to 1.5 amps as either a source or sink. In 
addition, it was made with a gold doped, all NPN process which 
minimizes storage delays, and as a result, offers transition times of 


U-118 


approximately 20 nsec. Its disadvantages, however, are high cross 
conduction currents, as well as requiring excessive supply current 
when the output is in the low (OFF) state. This leads to higher power 
dissipation and junction temperature than optimum. 


This brings us to newer ICs designed specifically as power MOSFET 
drivers for switchmode power supply applications. Several factors 
were taken into consideration while developing the new UC3705 /06 
/07 /09 series of high current drivers; the most important of which, 
was to isolate the high power switching noise from the low level 
analog signals at the PWM. Seperate supply and return paths at the 
driver to its signal inputs and power outputs further enhances noise 
immunity. Additionally, several desireable features including an 
analog shutdown comparator have been incorporated inthe UC3706 
and UC3707 devices, whereas the UC3705 and UC3709 drivers are 
optimized for low cost applications which incorporate this function 
elsewhere in the design. Each driver features TTL compatible input 
thresholds, undervoltage lockout, thermal shutdown and low 
cross-conduction, high speed output circuitry. The corresponding 
block diagrams and pin assignments are shown in figures 6 thru 9, 
and followed by the feature selection index. 


UC3705 Block Diagram 


NLINPUT = [| -.. > 


N.LINPUT =| 


THERMAL SD 


Ne INTERNALLY 
ht — CONNECTED ___ 
IN T-PACKAGE 


5V LOGIC 
REGULATOR 


INTERNALLY __ 
CONNECTED 
IN T-PACKAGE 


PWR 
_J ND 
a _, nae 


LOGIC GND 


Figure 6 
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UC3706 Block Diagram 


FLIPFLOP [>] 
ACTIVATE 


REF |15| 


B INHIBIT cS 


INVERTING fg} ———____ 


INPUT 
NON-INVERT ; 
inpuT LS. | eS 


~ +VIN a 
ft THERMAL 
ANALOG 130 SHUTDOWN 


STOP(+) mV 


ANALOG 
STOP() [91 


Figure 7 


UC3707 Block Diagram 


INPUT A 
N.I. 


INPUTA 
INVERT 


INPUT B 
Nu. 


INPUT B 
INVERT 


+VIN 


_ | THERMAL 
ANALOG SHUTDOWN |[- 
STOP(+) le 


ANALOG 
STOP(-) 


SHUTDOWN 


LATCH [Gy H=NO LATCH OR RESET 
DISAABLE L=LATCH ENABLED 


Figure 8 
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8] +Ve 


OUTPUT A — 


OUTPUT B 


|] GROUND 
4,5,12,13 


| 6 | OUTPUT A 


OUTPUT B 


| | GROUND 
4,5,12,13 
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UC3709 Block Diagram 








UV 
me] Yh _ © 
Regulator pense Li 


| Thermal Sense 


6K 


9 OUTPUT 
AorB 


| iy 
o GND 


NOTE: One Output Shown Figure 9 





of this circuit are the slowing of the turn-off of Q3 and the addition of 


DRIVER FEATURES Q4 for rapid turn-off of Q8. The result is shown in figure 11 where it 
can be seen that while maintaining fast transition times, the cross 
1.5 Amp Peak Output Current (Per Output) conduction current spike has been reduced to zero when going low 
* 40 Nanosecond Rise & Fall Times into 1NF and only 20 nsec with a high transition. This offers negligible 
increase in internal circuit power dissipation at frequencies in excess 
« Low Cross Conduction Current Spike of 500KHz. 


* 5to 40 Voit Operation 
« High Speed Power MOSFET Compatable 


Thermal Shutdown Protection Typical Output Schematic 


a 
z 
2) 
a 
ov 
a 
2 
S 
a. 
Ee 
< 
WW 
a. 
yy 
7) 


SB) le 
z/t ig 
5/2/45 
mee 
XX 

Xx 
é 


INVERTING INPUTS 
NON-INVERTING INPUTS 


| 
XXX 
oso AX | | 


1.5 AMP PEAK TOTEM-POLE OUTPUTS 


The schematic of the UC3706 output drive circuit is shown in figure 
10, which is similar to the other devices in this family. While first Figure 10 
appearing as a fairly conventional totem-pole design, the subtleties 


xX 


x 











GROUND 
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' = 200 nsec/di sion 
‘ Vo @ 10V/div 


Figure 11 


The overall transition time through the UC3706 is shown in figure 12 
with the upper photograph recording the results with a drive to the 
inverting input while the lower picture is with the non-inverting input 
driven. Note that the only difference in speed between the two inputs 
is an additional 20 nSec delay in turning off when the non-inverting 
input is used. Here, and in further discussions note that ON and OFF 
relate to the driven output switch, i.e., On is with the output HIGH, 
and vice versa. The shutdown, inhibit and protective functions all 
force the output LOW when active. 


Note that the typical rise and fall times of the output waveform 
average 20 nsec with no load, 25 nsec with 1 nF, and 35 nsec when 
the capacitive load is 2.2 nF at roomtemperature. Multilayer ceramic 


RISE TIMES 
INTO 0, 2.2 & 10NF. 
(10 TO 90% Vcc) 


V=2av/DIV 
H= 10NF/DIV 


Croan | tRIS& 
ae 
ea Lo 25 

| 
| 
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Output @ LOV/div 


_Non-inv input 7 
2Vidiv.. 


Output @ 10Wdiv 


Figure 12 





capacitors are used in this test and located as physically close to the 
IC output as possible to minimize lead and connection inductance. 


CLOAD | tFALL 
(NF) (S) 


FALL TIMES 
(90 TO 10% Vcc) 


Figure 13 
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Ch ae 
(N o 


RISE TIMES 
INTO 0,2.2&10 19Vv- 
NF. FALL TIMES 
(10 to 90% Vcc) (90% to 10% Vcc) 


V: 2y/piv 
H: 10Ns/pbiv 
BOTH 


Figure 14 


RISE TIME 
1. NO LOAD #DRIVERS 
2. 10NF: 2 DRIVERS 
IN PARALLEL. 
3. 10NF, 1 DRIVER/ 
V: 2v/DIV 
H: 10NS/DIV. 


(10 TO 90% Vee) ace 


FALL TIMES 
(90% TO 10% Vcc) 


Figure 15 





The peak current of each totem-pole output, whether source or sink, POWER MOSFET DRIVE CIRCUIT 
is 1.5 amps. However, on dual output versions like the UC3706, 
UC3707 and UC3709, both of the outputs can be paralled for 3 amp 
peak currents. In close proximity on the same die, each output 
virtually shares identical electrical and thermal characteristics. 
Saturation voltage is high at this current level but falls to under 2V 
at 500ma per output. Examples of typical switching characteristics 
are displayed. 


It should be noted that while optimized for driving power MOSFET 
device, the UC3705 /06 /07 /09 ICs perform equally well into bipolar 
NPN transistors. In a steady-state off condition, the output saturation 
voltage is less than 0.4 volts as currents to 50 milliamps. 


DIRECT COUPLED MOSFET DRIVE 


The circuit of figure 17 shows the simplest interface to a power 
mosfet, direct coupling. In this example, an IRFP460 will be used to 
demonstrate the typical rise and fall times obtainable with a single 
1.5 amp peak totem-pole driver. Further testing will include 
paralleling both outpus of a dual driver for a 3 amp peak capability. 


D1.D2:UC3611 SCHOTTKY DIODES 
The IRFP460 device was selected, being the largest commercially Figure 16 
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available FET die (a size "6") at the time of this writing whose | were conducted at room temperature with the FET located directly 
specifications were listed previously. at the IC output pins to nullify any effects of series inductance. 
Additional tests and measurements will demonstrate the effects of 


The typical values of each charge will later be used in conjunction Series ; 
circuit inductance on gate driver performance. 


with the measured driver performance to estimate the actual peak 
current delivered during each interval of turn-on. The tests shown 


# OF tFALL 
RISE TIME 
(Vgs) (10 to 90% Vec) 
1, OVAL DRIVERS eal lai , 110 
2. SINGLE DRIVER : T % to 10% Vcc 10v- 

Vec=12v me tee 1. DUAL DRIVERS ; 

2. SINGLE DRIVERS . 
Voec=12v 


: 
V=2v/DIV # OF #OUTPUTS 2 
H=10 NS/CM BRNENS | e) v=2v/DIV DUAL 
H=20NS/DIV. 
1 95 


Figure 17 


AVERAGE DRIVER CURRENTS DURING 
TURN-ON & TURN-OFF INTERVAL 


EQUATIONS: Q= CV: Qe IT: inves ce 


_ During the transitions between 0 & 10V over Tr & Tf intervals 
_ SINGLE OUTPUT 











_ IRFP460 1.26A 1.10A 


DUAL OUTPUTS 








C = 10NF 
-. IRFP460 
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While directly connecting the FET gate to the output of the driver is 
straightforward for testing purposes, it does not represent the "real" 
application which may include several inches or wire or printed circuit 
board traces. Here, wiring inductance will sharply degrade the 
transitions and cause substantial overshoot by ringing with the gate 
capacitance. Extreme examples ofthis can cause the gate-to-source 
voltage to overshoot beyond the specified maximum ratings. 
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Additionally, negative transitions (below ground) atthe deriver output 
can raise havoc with the internal circuitry, leading to undesireable 
performance. While this is more of a concern with PWMs, (which 
use low level analog input signals) it will also detract from the drivers 
peak performance. Both ofthese conditions can easily be avoided 
by Schottky clamping the circuit to the auxiliary supply rails. 





RSE 


HORIZ: 10 NS/DIV 
VERT: 5V/DIV 


Figure 18 


DRIVER 


10uF 


f TO LOAD 


TO POWER 
RETURN 


D1,D2 : UC3611 OR IN5820 


Figure 19 
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ISOLATED GATE DRIVE . ; : B t= ly sec/div, 


In certain applications, the PWM is referenced to the load or invert Input 

secondary side of the power supply and the gate drive is transformer | SWidiv 
coupled across the isolation boundary to the power FETs. While this gree: 
technique may work adequately at low switching frequencies, any 
series circuit inductance, as shown, will significantly degrade 
switching speeds and performance as the frequency is increased. 


An improved version of this circuit locates the drivers on the primary a 1706 Output | 
side, as close as possible to the FETs, and transformer couples only _ SWdiv 
the low power input signals. Although somewhat more elaborate, aces 


significant improvements in turn-on and turn-off switching times are 
obtained and the FET switching losses are minimized. fo ger? eae 
Primary current , 

0.2 Adiv | 


TRANSFORMER COUPLED MOSFET DRIVE CIRCUIT se eee cee een os 
0.5 A/div ; 


* | } a : 
f é a 
3 H 
; ; 


B Gate Voltage 


5V/div Nene Ne 
- ie bake 


i, 


Drain Voltage 
5V/div 


D1.D2:UC3611 SCHOTTKY DIODE ARRAY . 


Figure 20 Figure 21 





IMPROVED XFMR COUPLED DRIVE 
CIRCUIT 


Figure 22 
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PUSH-PULL TRANSFORMER COUPLING t= 1p sec/division 


The totem-pole outputs of the UC3706 can easily be configured for Inverting input 
implementing the balanced transformer drive as shown in figure24. Svidy 
Outputs A and B are alternating now as the internal flip-flop is active 
and the output frequency is halved. Note that when one UC3706 
output goes high, the other is held low during the dead time between 
output pulses. With balanced operation, no coupling capacitor on 
the primary is necessary since there is no net DC in the primary. 
Schottky clamp diodes on the primary side and back-to-back zeners UC1706 output 
onthe secondaries are necessary to minimize the overshoot causes sy 
by the ringing of the gate capacitance with circuit inductances. 
Waveforms of all significant points within this circuit are shown. 


Primary current 
0.5A/div 


er [~ 


Secondary Voltage 
1OV/div 


Secondary current 
0.5 A/div 


Drain Voltage 
10V/div 


Figure 23 





UC 3706 CONVERTS SINGLE OUTPUT PWMS TO 
HIGH CURRENT PUSH-PULL CONFIGURATION 





is 
14 


DRIVER BIAS 


UC3840 : : V2=15V 
PWM or 
UC3841 





UC 3611 QUAD SCHOTTKY 
DIODE ARRAY 


Figure 24 
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SUPPLYING POWER TO THE DRIVERS 


From the block diagrams of figures 6 thru 8, note that the UC3705, 

UC3706 and UC3707 have two supply terminals, Vin and Vc. These 
pins can be driven from the same or different voltages and either 
can range from 5 to 40 volts. Vin drives both the input logic and the 
current sources providing the pull-up for the outputs. Therefore, Vin 
can also be used to activate the outputs and no current is drawn 
from Vc when Vin is low. This is useful in off-line applications where 
its desireable for the control circuit to have a low start-up current. 
Several PWM controllers, like the UC1840, UC1841 andthe UC1851 
feature a Driver Bias output which goes high once the undervoltage 
lockout threshold is crossed, thus supplying bias to the driver. 
Adaptations of this technique can be made to work with a variety of 
other PWMs and control circuits. 
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USING “SPLIT” SUPPLIES 


Many applications utilize a negative voltage rail in the drive circuit to 
guarantee complete turn-off of power MOSFETs, especially those 
with low gate threshold voltages, typical of “logic level” input devices. 
This is easy to implement with any of the UC3705 thru UC3709 
drivers by offsetting the input signals with a zener diode equal in 
voltage to the negative supply, Vee. Although referenced at the 
driver IC to the Vee rail, these inputs are offset by an equal amount 
to the PWM controller, simulating a ground referenced input. This 
technique also offers moderate improvements in FET switching 
speeds at the penalty of slightly increased effective delay times from 
the driver inputs. The end results are listed below, which may be 
beneficial in applications where a tailored gate drive is required to 
alter the MOSFET switching charcteristics. 


7 POWER MOSFET DRIVE CIRCUIT 
USING NEGATIVE BIAS VOLTOGE AND LEVEL SHIFTING 
TO GROUND REFERENCED PWMS 


Vec . 
(+1 2to+ 15v) 


ai lie 


(VEE) 
NEGATIVE 

BIAS 

(-5to-15V) 


RISE TIME 
(10 to 90%) 

(10NF) 10v- 
(O,2.2,10NF) 


V=2v/DIV 
H=5NS/DIV 


D1.D2:UC3611 SCHOTTKY DIODES 


Figure 25 


FALL TIME 
(90 TO 10%) 
(,2.2,10NF) 


Figure 26 
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FALL TIME 
(90 TO 10% Va) 


RISE TIME 
(10 to 90%) 
. Vee 
1. Vec=12v 
VEE =-12v 
2. Vec=12v 
VEE =-5v 
3, Vec=12v 
VEE=0v 


V=2v/DIV 
H=10NS 
BOTH 


T Total 
tr+tf+trd 























Transition Times SUMMARY 
trd+tfd (NS) tr+tf (NS) This paper has presented an understanding of the dynamics of high 
_ speed power MOSFET switching in an attempt to define the 
Minimum (106NS) Maximum (95NS) optimum gate drive requirements to meet specific applications. The 
: oe need for high peak gate currents with controlled rise times has led 
Menu aeSh) MINIUB ENG} to the development of several integrated circuits aimed towards 


achieving these goals. The UC3705, UC3706, UC3707 and 
UC3709 drivers provide high speed response, 1.5 amps of peak 
current per output and ease the implementing of either direct or 
transformer coupled drive to a broad range of power MOSFETs. 
With these new devices, one more specialized function has been 
developed to further aid the power supply designer simplify his tasks 
and enhance power MOSFET switching characteristics. 
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DRIVING THREE-PHASE BRUSHLESS DC MOTORS — A NEW LOW LOSS LINEAR SOLUTION 


Robert A. Mammano, V.P. Adv Tech, Unitrode IC Corp and 


John J. Galvin, Control Systems Eng, Quantum Corp. 


ABSTRACT 


A new linear driver for small Brushless DC motors has 
been developed which has the capability of maximizing the 
voltage delivered to the motor while additionally providing 
commutation logic and full control. By using discrete PNP 
high-side transistor switches in conjunction with integrated 
saturable NPN low-side drivers, less than one volt total loss 
can be achieved at currents up to two amps, and complete 
motor control can be derived from only a five volt power 
source. 


BRUSHLESS DC MOTORS 


Although the world has long known of the myriad problems 
with brush-type DC motors, the development of electronically 
commutated, or "Brushless" (BDC), motors has not been a simple 
transition. While Hall Effect sensors have developed to the point 
where accurate and reliable armature position information can 
now be readily derived, the problems of amplifying these low- 
level signals, applying them to the appropriate winding, and then 
driving that winding with an efficient power transfer still repre- 
sent a significant challenge. Particularly when this intervening 
circuitry - none of which was required with brush-type motors - 
also has to be reliable, very low cost, noise free, and take up min- 
imal space. The problem is further compounded by the need to 
provide three-phase drive for all but the simplest, specialized 
motors in order to accommodate bidirectional rotation and wide 
variations in speed and load. 


For complete control of a brushless DC motor, the circuitry 
must provide at least three functions: 


1. Commutation logic to generate the correct phase timing 
from the Hall sensors. In-most cases, this is implemented as 
a digital decoding function. 


2. Power drivers for each of the three output phases. The chal- 
lenge here is finding a solid state switch as efficient as the old 
commutator brush. 


3. Control circuitry to give the motor some intelligence. This 
usually means controlling motor current in response to com- 
mands based on speed, position, torque, or some other 
measurable output. 






THE SPINDLE DRIVE PROBLEM 


Providing the above functions as a spindle driver for rotating 
memories represents an additional challenge as disk drive users 
have come to expect the package density and low costs of an in- 
tegrated driver while at the same time demanding ever higher 
operating efficiencies to minimize the requirements on power 
supplies and heat sinks. 


While discussing drive efficiency, it is worth noting that disk 
drives add a further restriction due to the magnetic media and low 
signal levels involved. This is that the use of switch-mode tech- 
nology to increase power control efficiency is usually forbidden 
out of concerns for possible high-frequency EMI noise. Ruling 
out switch-mode techniques leaves the designer faced with the 
problem of providing maximum efficiency with linear current 
control, and thus his quest for power savings can only be directed 
toward minimizing the drop across the output switches in order 
to use the highest efficiency motor. | 


THREE PHASE MOTOR DRIVE 


The drive stage for a typical brushless DC motor is shown in 
Figure 1 where the motor is shown wound in the "Y" configura- . 
tion. A "delta" form is equally applicable and would make no 
difference to the switches. The driving problem is immeadiatly 
apparent in that there are six separate switches required and two 
are in series with any current path through the motor. With a 12 
volt supply and typical bipolar darlington switches - each with a 
probable 1.5 volt drop - the maximum voltage to the motor is nine 
volts and one fourth of the input power is lost in the switches. 





HIGH—SIDE 
SWITCHES 
SOURCE 
CURRENT 


LOW-—SIDE 
SWITCHES 






Ss 
CURRENT 





_ Figure 1: Three phase, bipolar drive for a BDC motor showing one phase 
of current flow. 
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APPLICATION NOTES 


These switch voltage drops have added sig- 
nificance in terms of optimizing the motor design 
since the maximum current through a given motor 
is defined by the difference between the voltage ap- 
plied to the motor and the back EMF generated 
while it is running. Reducing the voltage drop 
across the switches allows the use of a motor with 
a higher torque constant and correspondingly higher 
back EMF which results in a lower motor current 
for the same load. Since the power loss in the motor 
is equal to I’ times the wire resistance, the gain in 
overall efficiency is more than proportional. For 
example, with a three volt switch drop from a 12 V 
supply, an optimum motor choice might have a back 
EMF of 8 V and require 4 W of power from the 
supply to do 2.7 W of work. Reducing the switch 
drop to one volt would now allow a motor with a 
back EMF of 10.2 V to be used which, with all other 
factors remaining unchanged, would require only 
3.16 W to do the same work. In other words, a 22% 
increase in the voltage applied to the motor can 
result in a 27% increase in motor efficiency. This 
is in addition to saving 2/3 of the power lost in the 
switches. 


While power MOSFET technology has the potential of offer- 
ing lower switch losses in discrete form, an integrated monolithic 
FET structure, while technically feasable, may well be economi- 
cally impractical. An integrated bipolar transistor scaled for a 
Vsat of 0.4 V at one amp requires approximately 2000 square 
mils of silicon, while an integrated DMOS transistor with an 


Rds(on) value of 0.4 ohms would be closer to 5000 square mils. — 


And it takes six transistors to build a three phase driver. There- 
fore, a more cost-effective solution would indicate the use of 
bipolar transistors, but as single saturating switches - not dar- 
lingtons. = 


The low-side switches of Figure 1 are easily integrated in this 


form as power NPN transistors with their base currents derived 
efficiently from a five volt power supply. The high-side 
devices are more of a problem, however, as these need to be 
PNP transistors to achieve the same low-sat performance, and 
isolated power PNP transistors are still not compatible with an 
integrated bipolar process. Thus the decision made for the 
motor driver described herein was to supply the PNP’s as ex- 
ternal, discrete saturating switches while the rest of the con- 
trol circuitry was integrated into a single power IC. The result 
is the UC3655 illustrated in the block diagram of Figure 2. 


THE UC3655 LINEAR BDC MOTOR DRIVER 


This device achieves efficient operation by allowing the 
external PNP’s to be selected for the specific application, 
while internally generating a switched base drive of up to 100 
mA - adequate for motor load currents of at least 3 Amps. Be- 
cause the PNP’s are always driven into saturation, their power 
dissipation will usually be low enough to require no special 
heat sinking and, in many cases, they may not even need power 





UC3655 


CH A SINK 





SOURCE DRA 


SOURCE DR B 


SOURCE DRC 


POSITION 
DECODE 
LOGIC 


CUR SENSE 


Figure 2: The UC3655 IC provides decode logic, high-current low-side linear drivers under the con- 
trol of an internal amplifier, and switches to activate high-side, external PNP transistors. 


devices is their saturation voltage for a given base drive. While 
bipolar PNP transistors are used throughout in this paper, it 
should be clear that this is a cost consideration and P-channel FET 
devices could be used as well with the benefit of reduced drive 
power losses. | 


The current-limited darlington circuit used for each of the 
three PNP drivers is shown in the upper portion of Figure 3. This 
driver is activated by the digital signal from the Channel Select 
Logic which is defined to allow only one PNP to be on at a time. 
Note that the total supply current for this stage is a constant 100 
uA from the five volt supply for each output. 


Each of the low-side motor drivers shown in Figure 3 are, of 
course, integrated power NPN transistors scaled for a maximum 
output current of three amps with a very low saturation voltage 


Vs =+5V 


a vm = 5 TO 40V 
R2 ee D73F5T OR 


TIP 32 





CHB 


3 PHASE 
B.D.C 


MOTOR 


CHC 


CURRENT FB 
(ALL 3 CHANNELS} 


packages. The only specification of significance for these Figure 3: Interfacing the UC3655 to a BDC motor. 
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drop. At full load, these transistors may need a base drive of up 
to 50 mA which must come from the five volt supply; however, 
since they are also used as the means to control the motor cur- 
rent, the action of the control amplifier reduces the base drive as 
it commands less motor current. The overall schematic of both 
the amplifier and one of the three low-side drivers is shown in 
Figure 4. 
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3. A unity-gain output stage (to the sense resistor) provides 
the high current output drive with a high input impedance so 
that the transconductance amplifier is not unduly loaded. 
Note that the analog command input is gated by the Channel 
Select Logic so that only one output is on at a time with the 
other two drivers draining only 100 uA apiece from the 


supply. 





TRANSCONDUCTANCE AMP 











Figure 4: Control of the motor’s current requires the four functions shown above, plus the decode logic to define 


which of the three outputs is active. 


This circuitry includes an internal feedback loop to configure 
the transfer function as a transconductance amplifier controlling 
motor current from a voltage command. For full control, four 
functions are included: 


1. An input divide-by-ten attenuator to scale a four volt input 
command range on Pin 7 to a 400 millivolt range across the 
current sense resistor connected to Pin 1. 


2. An amplifier to provide voltage gain. This is also a 
transconductance type so that the feedback loop may be easi- 
ly stabilized by a single capacitor from its output on Pin 9 to 
ground. There is a 100 mV offset built in so that, in conjunc- 
tion with the input divider, zero output current is commanded 
with a one volt input. 





+5V 





TO UC3655 
SENSE INPUTS 





HALL 
SENSOR 


Figure 5; An external comparator added to each sense input will allow the 
use of low-level, analog Hall sensors. 


1/4 339 COMP 


CLAMP |UNITY—GAIN CURRENT AMPLIFIER| 








| 4. Aclampon the output of the transcon- 
ductance amplifier limits the voltage 
drop across the sense resistor to ap- 
proximately 500 mV and thereby 
provides some measure of over-current 
protection. 


The remaining portion of the 
UC3655 consists of the decode logic to 
generate the proper output switch 
timing from the Hall sensor position in- 
dicators. This logic is easily mask 
programable for other than the standard 
60 degree output phasing. The input 
circuitry to these Channel Select stages 
has a high impedance, stabilized 
threshold of 1.5 V and is designed for 
single-ended, digital-output Hall sen- 
sors. For maximum flexibility, pull-up 
resistors are not included but in niosy 
environments, should probably be 
added externally. Where analog, two- 
terminal Hall sensors are used, the com- 
parator circuit of Figure 5 can be used at each input to give fast, 
clean transitions. 


A fourth input to the decode logic is the direction function ad- 
dressed through Pin 10. This input circuitry, shown schematicly 
in Figure 6, has three states: 


1. A low input pulls REV low and FWD high, setting up the 
decoding for a forward rotation. 


2. A high input reverses the states of REV and FWD, which 
the logic decodes as a command for the opposite direction of 
rotation. . 












FWD/REV 





Figure 6: Internal circuitry allows the choice of direction of rotation - plus 
inhibiting - with a single device pin. 
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_3. If the input is open - or connected to a voltage between 1.8 
and 3.2 volts - both FWD and REV are high which the logic 
defines as a coast condition with all six outputs off. 


All outputs are also inhibited if the three Hall inputs are all in 
the same state, either high or low. . 


While no braking function is built into the UC3655, it is en- 
tirely feasible to provide a rapid deceleration by switching the 
direction command from FWD to REV with the only precaution 
being to allow the output transistors to turn off while the com- 
mand is passing through the INH region. Typically, this might 
require a 10 usec delay which is easily accommodated with either 
digital or analog techniques. 


It can be seen from the block diagram of Figure 2 
that the only supply voltage connection to the UC3655 
is a single 5 volt source. From this supply, the quies- 
cent current is less than 10 mA with the outputs inhibited 
and increases with motor current to approximately 25 
mA with a two amp load. The motor voltage is defined 
by the supply used for the emitters of the PNP transis- 
tors and can range from 5 V to 40 V. Note that with this 
design, a5 V supply could deliver more than 4 V to the 
motor - a difficult task for any other integrated circuit 
topology. 


Finally, this device includes the protection of under- 
voltage lockout, with a threshold of 4.2 V, and thermal 
shutdown when the junction temperature rises above 
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supply. Most PNP transistors will readily accept this as long as 
the voltages are low, but it should be evaluated for each applica- 
tion. Of course, the body diode of a P-channel FET. ae this 


current path inherently. 


Typical waveforms for voltage and current at one output are 
shown in Figure 7. While the voltage always switches to Vm on 
the high side due to the saturated PNP’s, the value on the low side 
will be determined by the motor resistance and the commanded 
current. The large negative glitch occurs when the active PNP 
turns off; the tall spike above Vm occurs with turnoff of the NPN. 
The two short negative transients which occur while the current 
sinking NPN is on are caused by state-changes on the other two 
outputs momentarily interrupting current flow. 





MOTOR DRIVE VOLTAGE (WITH RESPECT TO GROUND) 


MOTOR CURRENT (IN ONE LEG OF THE MOTOR) 





150°C. Since the UC3655 is a linear driver, the poten- Figure 7: Voltage and current waveforms experienced at each output of the UC3655. 


tial for high dissipation is possible but a Multiwatt 

power package with adequate heat sinking will accommodate up 
to 25 watts. For smaller motors, a power 28-pin surface-mount, 
PLCC configuration with 4 watt capability will be offered. 


INTERFACING TO THE MOTOR 


The schematic of Figure 3 illustrates the added components 
necessary to interface the UC3655 to a typical BDC motor with 
the other two outputs identical to that shown. While resistor R1 
serves merely to speed the turn off of the PNP transistors, R2, 
while optional, serves two functions: It can reduce the PNP base 
current to less than the internally limited 100 mA, and it absorbs 
the PNP base drive power losses which would otherwise add to 
the IC package dissipation. 


In driving a BDC motor, there is no concern for cross-con- 
duction current flow where both an NPN and a PNP experience 
overlapping conduction during switching transitions. This is be- 
cause the commutation logic never switches any output from low 
to high or vice versa - there is always an off state in between. The 
inductance of the motor does force current transients when any 
transistor turns off, however. When a PNP turns off, residual cur- 


rent transfers to the internal diode at that output, pulling the out-. 


put slightly below ground potential. When an NPN turns off, the 
transient current then flows through the PNP in the reverse direc- 
tion, pulling the output voltage momentarily ahove the motor 


For disk drive or other applications where EMI noise genera- 
tion at phase changes could be a problem, some slope control 
should be used on the outputs. While there are several ways to 
accomplish this, one effective technique is with R-C snubbers as 
shown in Figure 8. The circulating currents which will flow in 
these snubbers control the output rise and fall times and sig- 
nificantly reduce the higher frequency harmonics without con- 
tributing additional stress to the drive transistors. 





Figure 8: These three sets of R-C snubbers will help to reduce EMI noise. 
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ALTERNATE CONFIGURATIONS 


Although the primary goal in developing the UC3655 was the 
implementation of a linear, current controlled BDC drive, that is 
not the only way this device may be used. The benefit of very 
low saturation voltage drop across the conducting switches has 
obvious advantages for efficient motor drive without linear con- 
trol. The internal transconductance amplifier can be disabled by 
merely connecting the input terminal to the 5 V supply which will 
pull the compensation terminal up to the internal clamp level and 
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PULSE WIDTH MODULATION OF MOTOR CURRENT 


If the application will accept direct switch-mode control of 
motor current, this approach is also possible with the UC3655. 
Figure 10 shows the use of a UC3843 Power Supply PWM IC as 
the control element. Since this device has a very low impedance 
output drive, it will override the output of the UC3655’s control 
amplifier and apply the PWM signal to whichever output has been 
activated by the decode logic. To keep switching and motor los- 
ses low, the frequency should be limited to the 20-40 kHz range. 


allow the NPN iow-side transistors to be switched fully 
on through the action of the decode logic. Current limit- 
ing may still be included by appropriate selection of the 
sense resistor, or for maximum voltage to the motor, the 
sense terminal may be connected directly to ground. 


In this configuration, the circuit is only utilizing the 
position decode and output drive circuitry, and the motor 
will run open loop with its speed (or torque) determined 
solely by the motor voltage. This suggests another 
method of control. Since the UC3655 operates with 
only a5 volt supply and is unaffected by the motor volt- 
age, Vm, on the PNP emitters, controlling Vm will con- 
trol motor speed. This can be done with either a linear 
or switch-mode regulator with the regulator control loop 
used to control the motor rather than hold the output 
voltage constant. An example of switching regulator 
control is shown in Figure 9 where an L296 PWM power 
supply IC is used as a 100kHz buck regulator. This cir- 
cuit offers several advantages over other control techni- 
ques: 


1. Since all power devices are used as switches, over- 
all efficiency can be higher than with a linear ap- 
proach. 


2. The PWM frequency is converted back to DC 
before it gets to the motor minimizing the potential 
for harmful EMI. 


3. High switching frequencies can be used in the 
regulator to keep the filter components small but 
with only ripple current through the motor, internal 
AC losses there are minimized. 


4. A boost configuration could also be used to raise 
the motor voltage above the supply for faster 
response, lower currents, and a potentially sig- 
nificant increase in efficiency. 


There are also some disadvantages: 


1. The added complexity and components of the 
PWM regulator, 


2. The additional switch in series with the motor. 




















INPUT 


SUPPLY Vm SUPPLY 


TO MOTOR 









CONTROL 


Figure 9: The L296 Buck Switching Regulator will efficiently control motor speed with the 
internal control loop disabled, by controlling the motor voltage instead. 





+12V +5V 


Vu TO MOTOR 


UC3655 


CONTROL 





Figure 10: The UC3843 PWM Power Supply Chip can be used as a switch-mode controller for 
motor current by overriding the UC3655’s internal amplifier with a PWM command. 


9-239 


APPLICATION NOTES Be U-119 


PHASE LOCK LOOP SPEED 
CONTROL Vs = +5V Vm = +12V 


In many applications where very 
accurate speed control is required - 4.9152 MHZ 
disk drives, for example - a phase lock 
loop, locked to a crystal frequency 
reference, is often utilized. The 
UC3633 PLL chip has been designed 
to supply this capability and its use 
with the UC3655 is shown in Figure 
11. In this circuit, a4.9125 MHz crys- 
tal is divided down and compared with 
a signal from one of the motor’s Hall 
sensors to force rotation at exactly 
3600 rpm, +/- 60 ppm. This figure 
shows the UC3655 used in its conven- 
tional linear control mode, but the 
UC3633 is equally applicable to the 
other modes of operation discussed 
above. For further information on the 
UC3633, refer to Unitrode’s Applica- Figure 11: A UC3633 Phase Lock Loop IC can be used with the UC3655 to provide crystal-controlled speed ac- 


tion Note U-113. curacy. 





SENSORLESS DRIVE 


Finally, with the utilization of a microcontroller it should be 
possible to implement a drive system without the need for Hall 
position sensors and thus gain significant cost savings in the 
motor. Utilizing techniques developed for 
synchronous and stepper motors, commutation 
could be done "open loop" without angular position 
feedback but since the actual commutation point is UC3655 
not likely to occur at the optimum point, motor ef- MICRO CONTROLLER 
ficiency will be poor and will vary with load. One 
approach to solving this problem is the use of a 
single sensor to generate a reference point, and a 
digital PLL locked to this reference to generate the 
correct commutation timing. While this can yield 
commutation accuracy even higher than that ob- 
tainable with a typical sensor-type motor, the ob- 
vious disadvantage is increased cost over a com- 
pletely sensorless design. 


Ph 1 


By using the back EMF generated by the motor, 
a signal proportional to the torque angle (commuta- 
tion error angle) may be derived which can be used ANGLE ERROR. 
to correct the timing. However, simply forcing the 
commutation generator to deliver the correct timing 
will not control the speed of the motor. If instead, 
this signal is used to control the motor. current by 
the approach shown in Figure 12, the commutation points are still 
generated open loop but, instead of forcing the commutation gen- 
erator to follow the motor, the motor now follows the commuta- 
tion generator. If the motor leads or lags, drive current is 
modified to force the torque angle to be optimum, yielding a PLL 
motor control system requiring no position sensors. 


—- BACK EMF 


VELOCITY 





COMMUTATION _ Va— Vb 


Figure 12: This approach to sensor-less control digitizes the back EMF on one motor phase and com- 
putes the commutation angle error from measurements made during the middle of the "off-time”. 
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A SIMPLIFIED APPROACH TO DC MOTOR MODELING FOR 
DYNAMIC STABILITY ANALYSIS. 
y 


Claudio de Sa e Silva 
Applications Engineer 
Unitrode Corporation 


When we say that an electric motor is a device that 
transforms electric power into mechanical power, we say 
two things. First, that the motor is — and behaves as — 
a transformer. Second, that it stands at the dividing line 
between electrical and mechanical phenomena. In the 
case of permanent magnet (PM) motors we know that this 
power transformation works in both directions so that the 
electrical impedance depends on the mechanical load, 
while the mechanical behavior of the motor depends on 
the conditions at the electrical end. 


This being the case, it should be possible to represent a 
motor’s mechanical load, on the electrical side, by a set 
of familiar electrical components such as capacitors or 
resistors. 


CHOOSING A UNIT SYSTEM 


Before we get started, let us consider for a moment the 
system of measurement units that we have cnosen. 


The metric system of units has undergone a number of 
changes in its history, of which the latest is the SI (Systeme 
International d’Unites). This system has become popular 
in. most of the industrialized world, largely because it is 
a coherent system, in which the product or quotient of two 
or more units 's the unit of the resulting quantity. It will be 
seen here that certain simplifications result from using this 
form of the metric system. 


In the SI system, force is measured in Newtons (N) and 
distance in meters (m). Consequently, the units of torque 
are Nm (see Conversion Table). If a motor shaft rotates at 
an angular velocity of wy radians per second, with torque 
Ty, the mechanical power output will be equal to the 
product Ty and wy and the units will be watts if Ty is in 
Nm. : 


Motor manufacturers usually specify a torque constant 
(Ky) and a voltage constant (Ky) for their motors. These 
constants have different values when the torque and speed 
are measured in English units, but they have the same 
numerical value when Si units are used. This becomes 
obvious when you consider that the electrical input power 
must be equal to the mechanical output power: 


(1) Vala = Ty wy (watts) 


*where \q is the internally generated armature voltage, or 
back emf, and lag is the armature current. (See Fig. 1 for 
definition of motor terms.) 
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TABLE 1. UNITS CONVERSION 







ee ee ee 
a | enor to [| war? 


ft Ib sec? 1.356 


7.063 x 107° | 
pty | 356 Nm 


1.356 Nm 


NOTE. The dimensions are M (mass), L (length), and T (time). The gram (g) 
iS a unit Of mass, and the gram-force (gf) is a unit of force. The pound (Ib) 
and the ounce (oz) are included as units of force only. 


















wy = Motor speed in rad/sec_ 
K,, In Nm/A or Vsecirad 


Cu = (farads) 





KFy 


FIGURE 1. THIS SERIES RLC CIRCUIT IS AN EXCELLENT 
MODEL OF A DC MOTOR LOADED WITH AN ESSENTIALLY 
INERTIAL LOAD. HERE, J IS THE TOTAL MOMENT OF 
INERTIA, INCLUDING THE ROTOR’S Jm. 


lf we do the same thing with the familiar electrical trans- 
former, we get the turns ratio: 
(3) V1 I, = Vo lo (watts) 


2 ly 








Thus, the non-dimensional turns ratio N,/N» is analogous 
to the dimensional torque (or voltage) constant Kry. Fur- 
thermore, equations (2) and (4) give us a clear hint that 
the angular velocity (wy) is analogous to voltage, while 
the torque (Ty) is analogous to current. 





APPLICATION NOTE 


The units of Kry may be either Nm/A, or V sec/rad. Thus, 
specifying both Ky and Ky for a motor is like measuring 
and specifying both the voltage ratio and the current ratio 
of a transformer, and can only. make sense where redun- 
dancy is required. 


THE MOTOR AS A TRANSFORMER 


We have established an analogy between Ka and a 
transformer’s turns ratio; between angular velocity and 
voltage; and between torque and current. If the motor 
behaves as a transformer, then we would expect to find 
the square of Kry involved in something analogous to 
impedance transformation. 


Suppose we apply a constant current |, to the armature 
of a motor whose load is its own moment of inertia Jy 
(Nm sec?). We know that according to Newton's law for 
rotating objects, 


(5) Wy = JM om 
where ay is the angular acceleration’ dw,y/ct. 


Since Wy = |, Kry (Eq. 2) 


(6) Is Kry = Jy 22M 





dt 
Furthermore, also from Eq. 2, 
(7) w= A 
| Kry 
so that | 
(8) I, = M_,_oMa 
Kz, dt 


Equation 6 has a familiar form, and we recognize at once 
the quantity Ju/K%, as a capacitor. It follows that the 
motor ‘‘reflects'’ a moment of inertia Jy back to the elec- 
trical primary as a capacitor of Jy/K#, farads. 

A neat way to check this result is to equate the energy 
stored kinetically in Jy with the electrical energy stored 
in a capacitor Cy: | 


(9) 2 CyVZ = V2 Jy we 


2 
(10) Cw = Ju (=) 
re A ae 
M 








since een 

2 Ne Kee 
J 

(11) Cy = > (farads) 
KTy 


Similarly, a torsional spring with spring constant Ks 
(Nm/rad) is reflected as an inductance of K%y/Ks henries. 
And a viscous damping component B (Nm sec/rad) ap- 
pears as a resistor of K2,/B. ohms. 


(13) oy = 01H 
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A MOTOR MODEL 


Once we can represent the mechanical load By means 
of electric elements, we can draw an equivalent Circuit of 
the motor and its mechanical load. The armature has a 
finite resistance Ra and an inductance La, through which 
the torque-generating current |4 must flow. These com- 
ponents are not negligible, and must be included. An in- 


ertially loaded motor can be represented as in Fig. 1, 


where the moment of inertia J is the sum of the load’s J, 
and the rotor’s Jy. 


It turns out that in practice, the moment ot i inertia that the 
motor must work against — or with, depending on how 
you look at it — is by far the most important component 
of the mechanical load. A frictional component also ex- 
ists, to be sure, but because it is largely independent of 
speed, it would be represented electrically as a constant 
current source, which could not affect the dynamic 


behavior of the motor. And since a torsional spring — 


which would affect it — is rarely found in practice, we will 
concentrate on the inertial problem only. 


MEASURING THE COMPONENTS 


The measurement of Ra and La is not difficult. A good 
ohmmeter will get you Ra, and you can measure the 
electrical time constant te to calculate La: 


(12) La = TE Ra 


Just make sure that the rotor remains ane during 
these measurements. 


‘In order to determine the value of the capacitor, Cy, we 
will need to measure the shaft speed. If the motor being 


measured is a brushless DC motor, we can use the signal 

from one of the Hall effect devices as a tachometer. If the 

Hall frequency is fy, and the number of rotor poles is P 

the angular velocity wy is 

“tH (radisec) 
P 


With other motors you will need a strobe-light or some 


other means to measure speed. 


A good way to measure Cy is through a measurement 
of the mechanical time constant Ty. We do this by driv- 
ing the motor with a constant voltage driver and measur- 
ing the time it takes to accelerate from zero speed to 63% 
of the highest speed achievable at the voltage used. To 
set a safe limit to the starting Current we can reduce the 
supply voltage or add a series resistor with the motor, or 
both. The set-up is shown in Fig. 2. Note that the armature 
resistance Ra is already known, and we add resistors Rez, 
if needed, to limit the armature current |, to a value that 
is Safe for both driver and motor. 


The first thing to do is let the motor run freely and measure 
waax and Imax, and use these values to calculate the ar- 
mature voltage Vmax: 


(14) Vmax = Voc — Vsar — Imax (Ra + Re) 


APPLICATION NOTE 


yi FREQUENCY = fy; wy = ——— 


FIGURE 2. SET-UP FOR MEASUREMENT OF Cy = J/Krv 
OF A 3-PHASE BRUSHLESS DC MOTOR WITH 


INERTIAL LOAD J1. THE MOTOR VOLTAGE Vm = Vcc - Vsar, 


WHERE Vsar IS THE OUTPUT SATURATION VOLTAGE. 


Here Vcc is the supply voltage, Vgar is the saturation 
voltage of the driving circuit, and Imax is the current 


drawn by the unloaded motor at maximum speed. 
Thus we can calculate 
(15) 





Krv (Vsec/rad) 


WMAX 


Next, set the oscilloscope time scale to that you can easily 
read a Hall frequency equal to 63% of wayax, SO that: 


(16) = 063 wyax 


Wey 


By holding and releasing the motor shaft, take several 
readings of the time Ty required to accelerate from zero 
to wy. Remember that these readings are taken ‘‘on the 
fly,’ since the motor continues to accelerate towards the 
maximum speed wyax. Having obtained a good value of 
Ty you can now calculate 


“in Cy Tw 
(Rat 


(farads) 
B) 


This completes the RLC equivalent circuit, If the value of 
Ju iS also required, it too can be calculated: 


(18) Ju = Cu KFy 


THE MOTOR’S TRANSFER-FUNCTION 


In the circuit of Fig. 1, V; is the voltage applied to the 
motor leads, and Vg is the actual armature voltage, or 
back EMF. This latter voltage is equal to wyKry, as we 
have seen, so that if we want to derive an expression 
relating the speed fi to the applied voltage, we can write: 


(1 9) On 1 


Vic Kee 


lf V; is a constant voltage, the speed wy will also be con- 
stant. This is clear from the circuit of Fig. 1 as well as from 
our experience with motors. If, however, V, varies 





(rad/Vsec) 





9-243 


-various values of jw. Fora given.w 


(26) ©, 
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sinusoidaly at some frequency f, the speed wy will vary 
similarly, but the amplitude and phase will in general be 
different from those of the driving function. This fact is very 
important if we are to include the motor in a feedback loop, 
because the motor’s contribution to the overall loop gain 
and phase shift is an important factor in determining stabil- 
ity. The motor’s transfer function — i.e. Eq. 19 expressed 
as a function of frequency — gives us a precise descrip- 
tion of how the amplitude and phase behave.at different 
frequencies. To do this, we use the variable jw, where 





j=V -1, and wm = 2nf. 
(20) Va(iw) _ (jwCrn) 
V; (jw) jw? LaCn a Jw RaCu +1 
(21) Va (jw) _ | 1 
Vila) —— (jw)® LaCu + jo RaCy+ 1 
(22) LaCy = 
w2 


where w, is the natural frequency of the circuit. 


RaCula Ra 1 
(23) RaCy = ———— = ———- = 
. in wea Qany 
since the circuit Q is 
Q = Wrla 
Ra 
Therefore, 
(24) Va (jw) Zs 1 
V1 (jw) fie \2, 12, 
Wn Quy 
Furthermore, using Eq. 19, 
(25) _@m (Je) _ 
V1 (jo) 
a 1 1 
cv tN as 
Wn Qa, 


Since we know the values of Kry, w, and Q, we can 
calculate the magnitude and phase angle of Eq. 25 for 
w,, Eq. 25 can:be. 
evaluated into a complex number A, + jB;, whose angle 
iS, 


-1 B, 
A; 


and whose magnitude can be expressed in decibels as 
follows: 


(27) My = 20 logi AF + BF 


A plot of these quantities, using a logarithmic frequency 
scale, is called a Bode plot, and can be a handy tool in 
understanding how the device will alters the final loop 
performance. | 


= tan 





APPLICATION NOTE 


A DISC - DRIVE EXAMPLE. 


A small three phase brushless DC motor, measured as 
above, has. the following characteristics: | 


Kry = 0.015 Nm/A, or Vsecirad. 


Ra = 2.5 ohm 
Lx = 0.002 Hy 
J = 0001 Nm sec — 


The J value was measured with fnrés magnetic discs 
mounted, and represents the actual value required for the 
application. Using Eq. 11. 


(28) Cy = ——— = —— = 444 fd 
2 
KTv | 
This may seem like an unusually large value for a capacitor, 
but it simply reflects the large amounts of kinetic energy 
that can be stored in the included inertia. 


From Eq. 22. 


1 
(29): wae 


= 1061 rad/sec 
From Eq. 23 


(30) Q = 2 a = 00085 


(The quality factor Q has no units). The motor transfer func- 
tion, given in Eq. 25, Is 
(31) —2M Ue) 2 

Vy (jw) 


66.67 : ° | 
= —__________________—_ (rad/Vsec) 


jw 2 jw 
+ 
( 10.61 ) 0.09 


A calculator that is pre-programed to operate with com- 
plex numbers (HP 28C, for example, or 15C) makes the 
evaluation, of this equation an easy task. With the 28C you 
can set up a USER routine called BODE, as follows: 


<<DEG DUP ABS LOG 20 X SWAP ARG>> 


This _will convert a complex number x + | ly into 20 log 
x? +y? at level 2, and arc tan (y/x) at level 1. Table 2 
shows a list of several such computations of Eq. 31: 


At w = 0, the gain is simply 66.67 rad/Vsec. As w increases 
from zero up, the gain decreases as shown in the GAIN 
column of Table 2. For our Bode plot; we want to show 
the gain relative to the initial, or DC, gain. Therefore, we 
subtract 66.67db from each gain value in Table 2 and plot 
the result. This is the same as plotting only the function 


(32) Gljw) = 


jw 2 jw 
+ + 1 
( 10.61 ) - 0.09 


which should be compared with Eq. 31. The results are 
shown in Fig. 3. | 
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TABLE 2. CALCULATED VALUES OF EQUATION 31. 


w - se NO PHASE 
(rad/sec) V4 ue) oe . (deg) 
| 36.4{ -63 
18.4 
ar [ee -jas2 | onal mass 
Tos [| ss jie | a7) 70a 
ro | oss iss | ves] es 
Tso [ace i200 | ¢0| ean 
Moo | 0-080 | aa] 08 
ang [aw 10? - 00 [va] =o" 
-47 x 1079 - {006 |-245| -945_ 
aco [naw 10"? 000 |-ae2)- 1008 
Pooo [a9 « 10°? 37 x 10-9] —s66| 198 





























Sah. See 
as ane 


PHASE ANGLE — (degrees) 


lye. LTS 
Bee 


FREQUENCY — (rad/sec) 


FIGURE 3. BODE PLOT OF MOTOR DATA IN EXAMPLE. 


Note that up to about 100 rad/sec (15.9 Hz) the phase lag 
barely exceeds 90 degrees. The first pole occurs at 

= 0.09 rad/sec, at which point the phase lag !s 45 
degrees. The second pole, widely separated from the first 
in this case, occurs at a frequency in excess of 1000 
rad/sec, as we can see from the further bend in the phase 
curve. The gain, which was drooping at a rate of —20db 
per decade below 100 rad/sec, now begins to bend 
towards a steeper droop of 40db/dec after the second pole 
is reached. At very high frequencies, os phase lag will 


_ reach 180 degrees. 


Used in a speed control feedback loop, this motor will per- 
form well provided that the user takes this gain and phase 
behavior into account. This is done by incorporating the 
motor transfer function into the overall loop equation, which 
will include other components. One's understanding of the 
motor’s behavior improves with this type of analysis, which 
makes comparisons between different mele more clear 


‘and articulate. 
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1 MHz 150W RESONANT CONVERTER 
DESIGN REVIEW 


Bill Andreycak 


Abstract: 


This paper is intended to explore in significant detail the intricacies 
of the quasi-resonant half bridge topology. Voltage and current 
waveforms and transferred charge and energy wili be analyzed as 
functions of time and input/output conditions. Specific and 
generalized design equations are given, which are also applicable 
to other topologies by those skilled in modern power supply design. 


Introduction: 


The pioneers of resonant mode power conversion have generated 
a tremendous amount of interest in this new and emerging 
technology and approach to power conversion. Expectations of 
~ lossless switching and multi-megahertz operation are rapidly 
approaching realization. Given this recent stimulus, a new control 
IC, the UC3860, has been introduced for controlling many of the 
various resonant and quasi-resonant design approaches. 


Despite the differences among the numerous and quasi-resonant 
switching topologies, all have one common denominator--the need 
for a high speed, complete and versatile resonant mode control IC. 
The ideal candidate would incorporate modulator functions or 
building blocks that could be easily configured by the user to control 
various circuit topologies and implementations. 


This paper will show one application of this resonant control IC ina 
typical power supply design example. Described in the text is a 150 
watt off-line converter switching at a maximum frequency of 1 
megaHertz. This results in an effective 500 kiloHertz utilization of 
the main transformer. Delivering 15 volts at 10 amperes, of load 
current, it operates from a 110/220 AC input or from a 220 to 370 V 
dc bus at high efficiency. 

Design Specifications: 

An off-line 150 watt, single output design has been selected as a 
typical application for the purposes of this paper. Several items 
common to most designs will not be highlighted, for example, 
primary to secondary isolation and input filter calculations. However, 


this discussion will concentrate on relevant calculations and new 
material regarding tthe quasi-resonant converter. 


Input Voltage: 
(110 Vac) : 85 — 132 Vac 
(220 Vac) : 170 — 265 Vac 


(DC Input) : 220 — 375 Voc | 
AC Line Frequency : 50 Hz min 
Output Voltage: 15 Voc 
Output Current: 2.5 — 10 Amps 
Line Regulation: 16 mV 
Load Regulation: 15 mV 


Output Ripple: 100 mV p-p, dc-20 MHz 
Efficiency: 85 % at full load 


Quasi-resonant Circuit Searaton 


The quasi-resonant Buck regulator circuit shown in Fig. 1 is 
applicable to high frequency power conversion systems and will be 


dsescribed in detail. Initial conditions are given with the switch Q 
open, and no current flowing from the input source V. The resonant 
current I, is zero and no voltage is acrosss either of the resonant 
components L; or C;. There is an output current /ou: and voltage Vour 
delivered entirely by the output filter components Lo, Co and Do. For 
the purposes of this model, assume that each component is ideal. 


Switch Q is closed at time to applying voltage Vin across the circuit 
input. The input current /in begins at zero and rises linearly at the rate 
of Vin/Ly until it reaches output current /out. 


Figure 1 - Quasi-Resonant Buck Regulator 





Simultaneously, the output diode current /yg which began at /out 
linearly decreases to zero. At this point, the input power source is 
supplying the full output current /out. This occurs at tiime t; which will 
vary linearly with /ourand Vin. During the interval between ty and ty, 
no resonant current /, flows in capacitor C,. 


Beginning att; the resonant circuit current component /-sinusoidally 
flows through C,;. This adds to the output current, making the input 
current the summation of both. Peak input current occurs at ti+ 
m/(2). It later intersects the /out level at to, corresponding to ti+2 /o 


The sinusoidal input current continues until ts where it reaches zero. 
Here, the switch is opened and turn-off is initiated at zero current 
which facilitates lossless switching. Since t; varies with Jour and Vin, 
the zero current switch point t3 varies also with these changing 
parameters. 


A zero current detection circuit can be used to facilitate turn-off at 
precisely zero current. Another technique utilizes a fixed ontime at 
the primary switches. This time constant is set above the maximum 
required on time of the resonant network over all line and load 
combinations. While this technique is easier to implement, it may 
compromise overall design at the maximum conversion frequency. 
The inability to switch consecutively at maximum rate hurts 
transformer turns ratio optimization. Higher currents will result due 
to the lower turns ratio, degrading overall efficiency at all 
frequencies. 


During the interval between ts and t4, Cr, discharges, providing a 
constant current /out to the load. The capacitor voltage decreases 
linearly, reaching Zero at t4. 


The output filter section releases its stored energy between t4 and 
ts. The conversion period ends at ts, which corresponds to the 
beginning of the next cycle, to. A detailed analysis of the voltages 
and currents during each interval is provided in the Appendix. 
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Quasi-Resonant Half-Bridge— 
ON Topology Fundamentals and Overview 


Ql The general circuit diagram for a quasi-resonant half bridge 
OFF converter using secondary side resonance is shown in Fig. 3. The 
+ | ~ resonant half bridge portion and its associated waveforms are shown 
on pai in Figs. 4 and 5. 
IN 


lout 
Vin/ a, Q; turns on, connecting the transformer primary across capacitor C; 
with voltage Vin/2. This rectangular voltage waveform is divided by 
the turns ratio N (Nopri/Nsec) and coupled to the secondary side(s) of 
the transformer. Diode D; is forward biased and secondary current 
Isecflows through L,; and D;. This can be expressed as two individual 
components, the "constant" output current /our and the sinusoidal 
current /, through C;. During this interval, D2 is reversed biased and 
is essentially out of the picture. | 


Transistors Q; and Q2are alternately driven from the control circuitry 
at a repetition rate, or frequency determined by the error voltage. © 


The secondary current starts at zero at time tp and ramps up linearly, 
reaching four at ti. Isec then becomes sinusoidal, peaks at 
Isec(peak),and intersects the output current again at to. At ts, zero 
current is reached sinusoidally and Q; is turned off. 





| | [ I 
0 u tong as , | Peak voltage across C; occurs at te and diminishes during the 
ne tees : tO tl remainder of the interval ending at ts. When the voltage across C, 
-tpERIop ————] reaches zero, all of its stored charge has been transferred to the 
output load, thus completing the conversion cycle. This process is 
Figure 2 - Quasi-Resonant Waveforms repeated for transistor Qa, resulting in similar operation. 
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Figure 3 - 150 Watt Off-Line Quasi-Resonant Half Bridge 
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Figure 4 - Quasi-Resonant Half Bridge 
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SECONDARY WAVEFORMS 
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Figure 5 - Primary and Secondary Waveforms 


Half Bridge Advantages and Alternatives 


The thrust towards resonant mode power supply designs has been 
fueled by the demands for higher power densities and high overall 
efficiency. Although several basic topologies deserve consideration 
in this off-line application, the Half Bridge configuration offers many 
key advantages. 
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Unlike the single-ended forward converters, the half bridge provides 
bidirectional utilization of the tranformer. This eliminates the need to 
incorporate dissipative or complex flux reset mechanisms for the 
main transformer. Also, the primary switched voltage is one-half that 
of its single ended or full-bridge counterpart, halving the transistor 
voltage rating requirements. 


In addition, the reduced voltage significantly reduces turn-on losses. 
Bear in mind that zero current switches minimizes only the turn-off 
losses. During turn-on, however, the current rises linearly before 
resonance commences, and the half bridge has the lowest turn-off 
losses of all configurations. 


Transformer size is smaller for the half bridge because the forward 
converter "wastes" half the period with no power transfer while the 
core is being reset. Also, all windings have half the number of turns 
compared to a forward converter approach. This could significantly 
lower the leakage inductance in certain designs where the iow 
voltage, high current designs stand to benefit the most. 


Haif Wave Resonance: The half-wave resonant mode of operation 
facilitates a unidrectional current flow from the primary to the 
secondary. The major advantages of this can be seen near the 
primary switches. When a reverse current flows through the Mosfet, 
its parasitic drain-body diode conducts, exhibiting slow reverse 
recovery characteristics. To prevent this, the reverse current is 
generally directed to an external fast recovery diode that shunts the 
Mosfet. A Schottky diode must be added in series with the Mosfet 
to guarante that the external diode will conduct. This "elaborate" 
network is not lossless, and can signifcantly impact the power supply 
overall efficiency. 


Seconday side half wave resonance eliminates the need for these 
components. Reverse current flow is restricted on the secondary 
side of the tansformer by the series rectifiers. Serving a dual 
purpose, these diodes isolate the resonant tank from the primary in 
addition to rectifying the secondary waveform. 


Full wave designs return excess thank energy back to the primary, 
and require bidirectional switches on the primary. One merit, 
however, is that the switching frequency range is fairly narrow over 
various line and load combinations. On the other hand, the half wave 
resonant approach must span a fairly wide range of switching 
frequencies to maintain regulation for the the same input and output 
variations, since all resonant tank energy must be delivered to the 
output. 


SECONDARY 
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Figure 6 - Primary Side Half Wave Resonance 
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Secondary Side Resonance: Secondary side resonance helps 
minimize transformer size. With the resonant capacitor located on 
the transformer secondary side, the volt-second product depends 
only on the input voltage and transistor ontime. During the remainder 
of the period, or off time, the transformer is not supporting the 
resonant capacitor discharge. Lower core losses are attained with 
this configuration, and are easier to analyze. The waveform is 
rectangular and is a function of input voltage, on time and Switching 
frequency. 


Resonant Control Circuit 
Refer to the simplified block diagram and waveforms of Fig.8. 


Error amplifier: The error amplifier is used to generate an output 
voltage proportional to the error between the amplifier inuts. A 
precision reference voltage is at the noninverting input, while the 
power supply output voltage is applied to the inverting input. The 
difference between the two is amplified and will respond to millivolt 
changes in power supply output voltage, providing tight regulation. 
The error amplifier output is high when the supply output voltage falls 
below its setpoint, and a low amplifier output indicates the output 
voltage is higher than ideal. This variable error amplifier output 
voltage indicates the need for correction to maintain regulation. 


SECONDARY 
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Figure 7 - Secondary Side Half Wave Resonance 


Variable frequency oscillator: This device converts a variable 
input voltage to a variable frequency output pulse train. Increasing 
input voltage yields an increase in the frequency of the output pulses. 
Regulation of the output voltage is thus obtained over various line 
and load combinations by varying the switching (conversion) 
frequency. The VFO is driven by the error amplifier output voltage 
and is used to trigger the one-shot pulse generator. 


One shot pulse generator: This module generates an accurate 
pulse width, or duration corresponding to the ontime required for the 
resonant tank circuit switches. In fixed on time quasi-resonant 
applications this time constant is set slightly longer than one-half of 
the full resonant period. Another approach utilizes zero current 
switching (ZCS) which turns off the switches at zero current. In this 
application, the one shot is programmed for the maximum circuit 
on-time and modulated to facilitate ZCS. 


Toggle flip flop and gating circuitry: Alternating outputs for 
"bridge" applications require a toggle flip-flop to divide the VFO 
frequency by two. This provides out-of-phase drive signals to each 
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of the resonant switches with the proper on-time. In single ended 
applications like the Buck, Forward and Flyback topologies, toggle 
function is not used. 


High power Mosfet drivers: High peak gate currents are required 
to deliver sharp Mosfet turn-on and turn-off transitions. The driver 
accepts low power (TTL) logic inputs and delivers high power (1 to 
3 amp peak) Mosfet gate drive compatible outputs. 


Zero current switching circuitry: Primary currentis monitored and 
used to turn off the one shot-hence the outputs-when zero current 
is crossed. This minimizes the switching losses in the primary 
switches. 


PRIMARY 
CURRENT 





Figure 8 - Control Circuit Fundamentals 


Quasi-Resonant Circuit Limitations 


One obvious circuit constraint is that the peak resonant current | 
component /, must be greater than /our. Otherwise, zero current will 
not be reached as shown in the figure below. This relationship 


specifies the limits of Vin and Jour of the resonant tank as a function 
of the L,-C,; resonant tank characteristic impedance, Z,. 


Increasing the resonant currrent component far above /out max is 
one solution, but an inefficient one. The primary switch losses vary 
with primary current squared, and techniques to minimize this 
current are required. 


The ideal ratio of the output current Jour to the minimum resonant 


‘peak current /-@x) min is unity. This insures resonance at all loads 
‘while preventing excessively high peak resonant tank currents and 
losses. The resonant component initial tolerances and temperature 


variations need to be analyzed and accommodated by adjusting the 
ratio of lout max to Iron. A twenty-five percent safely eign) is used 
in this design corresponding to a ration of 0.75:1.° 5A 


The resonant L-C elements are now defined uniquely by the power 
supply output voltage and load current for a specirfic resonant tank 
frequency and current ratio tout max to Iripk). 
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NOTE: 
Zero crossing does not occur 
when lout > Ip (PK) 


tl 


Figure 9 - Inut Current - No Zero Crossing 


VIN min Vin min 


Iq min) = Z + or 2rs 
f 








lout max 


Substituting Z, = wm, Lr and Vin= Vsec for secondary resonance, the 
resonant inductor L, and C, are defined by: 


0.75 Vsecmin 0.12Vsec min 


) lout max freslout max 


2 L,= 


2, Cr=1/(w*L) = 025] (tres *L,) 


3. Verify that Z; < Vout / lout max. If not, the ratio of the resonant to 
output current may need to be altered. 


Transformer Turn Ratio 


The transformer turns ratio is derived by equating the circuit input 
and output volt-second products. A topology coefficient Kt is 
introduced which sepcifies the ratio of the maximum switching 
frequency to that of the resonant tank frequency. It is somewhat 
analagous to maximum duty cycle in a square wave converter. 
Allowing Kt to approach unity in a resonant converter maximizes the 
turns ratio, thus lowering the primary current. 


= Vin ton 
tperiop 


tpeRIoD 


Figure 10 & 11 - Square Wave Buck Regulator 


As switching frequencies approach 1 MHz, diode recovery times and 
Mosfet rise and fall times prevent the topology coefficient from 
reaching unity. In addition, the resonant capacitor requires time to 
discharge into the output load. A kK; value of 0.8 is suggested by 
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several of the references listed in the Appendix. The turns ratio can 
now be calculated from the volt second relationship described 
previously. 


The transformer turns ratio N = 
Vin Kt Ki Vin min 
2N 2 Vo 
Accounting for the voltage drops, both the primary and secondary: 
Ky Vin min — 


Nee 
2 Vomin + Vaiode + Vioss sec 





Vo = , Ne 


Vioss pri 





The actual transformer secondary voltage has now been defined by 
Vinput and the turns ratio N. The conversion period or frequency can 
be extracted from the energy transfer equations in the Appendix by 
substituting Vsec for Vin in the given equations. 


tres < tconv 


Figure 12 & 13 - Resonant Mode Buck Regulator 





Conversion Frequency 

As the output load current lous and input voltage Vin vary, the control 
circuit adjusts the conversion frequency to maintain a constant 
output voltage, Vout. The maximum conversion frequency will occur 
at low line and full load, where by design, the frequency equals the 
resonant tank frequency divided by Kt, the topology coefficient. 
K;= 2 feonv max , 


’ feonv max = K; hes 
hes 


Minimum frequency will occur at high line Vin max and light load Jout 
min which can be estimated by the following relationship: 


| Vin min Q 
1 | feonv min = Toonv max ™ 2NVolo min 


where 


2NLylo 2 min + Vin min C, 
Vin min N 


lo min 


Q — 
2hres 
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Quasi-Resonant Circuit Relationships 
SUMMARY OF APPENDIX 

Timing relationships: 

to= time when the cycle is initiated 

ty = Lr * lout / Vsec 

dte1 = t/res 

te = ty + Otay 

dtz32 = 1/Wres X sin’ (lout Zr/Vsec ) 


lo = CONSTANT 


| | | 
t2y t3y t3, 


t2) 


tO tly tl. 


Figure 14 - Effects of Line Change on lin 


t3 = t2 + dtge 

dt43 = Vows) Cr / lout 

tg = tg + dtag 

ts = [Vsec Qt /(Vout lout)] (approx) 

The charge transferred per cycle, Qt, is approximated by: 
Qt = Lrlout 2/ Vsec + 2Vsec Cr + alout / w | 
Design Procedure and Calculations 


The design specifications listed on page 1 will be used for this 150 
watt application. A maximum switching frequency of 1 MHzhas been 
selected as a good compromise between the attempts to obtain high 
power density (small size) and high overall efficiency. 


1. Select the maximum switching fequency: . 
foonv max = 1.0 MHz 


This also determines the resonant tank circuit frequency using the 
topology conversion coefficient, Kt. - 


Kt = foonv max/fres. Use Kt = 0.8 
2. Calculate the resonant tank frequency, fres 
fes = feonv max | Kt = 1MHz/0.8 = 1.25MHz 
3. Determine the transformer turns ratio, N 
N = Nori / Nsec = Kt Vin min /(2 Vout + Vaiode) 

= 5.19 (use 5:1) 


4. Calculate Vin min, the minimum input voltage referred to the 
secondary: 


Vin min = Vs min/ 2N = 220V/(2 * 5) = 22V. © 


The resonant inductor and capacitor values are calculated using the 
minimum input voltage to the secondary. 
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5. Calculate the resonant inductor value, L, 
Lr =0.12V in min/ fres lout max = 176 NH 


6. Calculate the resonant capacitor value, C; 


C, = 025 / eg wage 90.9 nF : 
7. Calculate and check resonant impedance Zn — 
Zn = (Lr / C,) “ = 1.39 (yes, < 1.5 ohms) 


Lan | 
t2L|t2H 
t3L = t3H 


| | 
tO| tlH 
til 


Figure 15 - Effects of Load Change on lin 


The basic sections of the circuit are now complete. Detailed analysis 
of the primary and secondary voltages and currents follow. 


Peak Current calculations: The peak secondary current is 
approximated by : . 


sec pk = Io + Vin / Zn = lo+ Vs /(2*N* Zn) 
= .072 Vs 


The peak current is a function of both input voltage and output 
current, and is graphically shown in Fig. 16. 


The need for high peak current devices in a resonant mode power 
supply is evident from the values shown below, especially compared 
with a square wave converter of similar output power. 






SECONDARY PEAK CURRENT (A) 


Figure 16 - Peak Secondary Current vs. Vin and Io 
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The peak current is a function of both input voltage and output 
current, and is graphically shown in Fig. 16. 


The need for high peak current devices in a resonant mode power 
supply is evident from the values shown below, especially compared 
with a square wave converter of similar output power. 


The peak secondary voltage is: 
Vs pk = Vs max/2N = 370/2 * 5 = 37V 


Rectifiers in the secondary circuit need to block at least twice the 
peak voltage, and are typically selected with a much higher rating. 
Schottky diodes can be ruled out in this 15V output application due 
to their 45 to 90 volt breakdown voltages, so an ultra to hyperfast 
diode is required. A 150 volt, 30 amp (DC) device provides ample 
safety margin. A low capacitance power package is also desired to 
minimize parasitics and power losses. 


rms current calculations: The primary and secondary RMS 
currents can be approximated to a high degree of accuracy by a 
pulsed sinusoidal waveform. The relationships derived in the 
previous section for peak currents, on times and conversion 
frequencies will be used to calculate the RMS currents incorporating 
the following equation. 


2 


| ne | —iot 
rms = Ipea D Te 


Figure 17 - rms Current Calculation 





The primary current calculations will use the conversion period of 
1/fconv due to the bidrectional switching of the primary. Secondary 
currents conduct only once per two conversion periods due to the 
bridge arrangement of the secondary windings. Both low and high 
input voltage conditions will be examined at full output load to 
determine worst case conditions. 


Figure 18 - On Time vs. Vin and lout 
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The transformer primary wire size will be calculated using the rms 
Current components, in addition to thermal considerations of the 
transistor switches and rectifiers. 


Each of the Mosfet switches, secondary rectifiers and transformer 
secondary windings conduct current only once per two conversion 
cycles. This results in a lower rms current through each device. 


TRANSFERRED CHARGE (QT) 
MICRO COULOMBS PER CYCLE 


ENERGY TRANSFERRED (W) 
MICRO JOULES PER CYCLE 


= 
x 9 
© 
So 8 
~< 
= 7 
S 
2 6 
LL 
ye. 2 
Ee 4 
pe | 
2 3 
= 2 
© 


Figure 21 - Calc. Conversion Freq vs. Vin and lout 
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Low Line High Line 

lsec pk = 26 A Isec pk = 37A 
Ipri pk = 5.2A Iori pk = 7.4 A 
ton = 575 ns ton = 495. ns 

T per =1.0 us T per = 1.82 us 


rms Transformer Primary Current: 
Iori rms = 2.78 A Iori rms = 2.72 AD 


rms Current - Mosfet Switches 
and Secondary Rectifiers: 


lect rms = 9, 86 A lrect rms = 9. 65 A 
Imos rms = 1.97A Imos rms = 1.93A 


Timing Considerations: The operation of this quasi-resonant 
circuit has been described as requiring a variable frequency, fixed 
on time control pulse train. Actually, the on time must be varied to 
facilitate zero current switching with changes in input voltage and 
output current. Using the timing relationships presented earlier, the 
ontime is calculated and plotted for the ranges of Vin and [our in Fig. 
18. 


Transferred charge: The charge transferred from the primary to the 
secondary per cycle is a function of both Vin and /out. Using the 
equations presented in the Appendix, the results are graphically 
represented in Fig. 19. 


For the selected values of voltage and current shown, the average 
change required in voltage or output current per microCoulomb 
transferred havd been calculated. 


Avg dV/uC = 5.935, and Avg dl/uC = 2.086 


The energy transferred per cycle is obtained by multiplying the 
results from the charge calculations by Vin/2 to convert from charge 
to energy, with the results shown in Fig. 20. 


The conversion period is obtained by dividing the energy transferred 
per cycle by the output power, accounting for an overall efficiency 
near 85%. Conversion frequency, its inverse, is graphically depicted 
for varius input voltages and output currents in Fig. 21. 


Power Mosfet Switch Considerations 


The power Mosfet selection process must take into account the three 
types of losses incurred by the high voltage switch. First, and 
probably the most predominant loss contributor is the FET on 
resistance, or Ras(on). Conduction losses are minimized by using a 
FET with the lowest Ras(on) obtainable. 


(Watts) 


Generally the low resistance is attained by paralleling numerous FET 
cells of higher on resistance. The result is a single high current, low 
resistance device with a large die size, or geometry. This technique 
is great for lower frequency applications where the transition (turn-on 
and turn-off) times are a small percentage of the entire duty cycle. 
Athigh frequencies and especially with high voltages, this paralleling 
scheme introduces many difficulties in minimizing the switching 
transition losses. 


2 
Pioss de = lpri rms ~ Rds (on) 


Each cell has a finite Output capacitance which quickly "adds up" 
when many are placed in parallel. The FET output capacitance is 
charged and discharged to the FULL input bulk voltage each cycle, 
contributing losses. At high frequencies, changing to a larger size 
FET could increase the total FET losses, despite having a lower on 
resistance. The incremental gains of lower conduction losses are 
lost to the higher switching losses of the larer capacitance FET. For 
this reason, it is a worthwhile exercise to examine several different 
size FETs over the line and load ranges of this design. 


Pioss ac = 0.5Coss Vin? foonl2 


The gate drive power losses are generally negligible with respect to 
the total losses, but can be calculated from: | 


- (watts) 
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Pioss gate = 0.5V aux Qt feonv/2 (Watts) 


where Q(t) is the FET total gate charge, accounting for the gate to 
source charge plus the Miller effect charge. . 


The greatest primary current occurs at full load, which will be used 
for the worst case evaiuation of power losses. Both high and low 
input voltage were used to calculate the ac losses, then averaged. 
The following list is a summary of the total power loss for each Mosfet 
switch in this application. A 100°C junction temperature at the FET 
die was assumed, where the actual on resistance is double that of 
the published specification. Various size FETs have been analyzed 
to compare the ac and dc losses to select one which exhibits the 
lowest total losses. | 


Circuit specifics (at the FET swithces): 
Ipri rms = 1.97A at Vin — 220V, feonv =1MHz . 
Ipri rms = 1 983A at 375V, 550 KHz 


Device Rds Coss Qg Pdc Pac Pg Ptotal 
ea) 

IRF720 3.6 64 20 13.7 1.05 0.08 14.87 
IRF730 2.0 100 35 7.62 1.57 0.11 9.30 
IRF740 1.1 210 63 4.19 3.30 0.19 7.68 
IRF820 6.0 54 19 22.8 0.85 0.07 23.78 
IRF830 3.0 91 32 11.4 1.43 0.10 12.96 
IRF840 WZ 180 63 6.47 2.83 0.19 9.49 
IRFP440 ‘1.7 180 63 6.47 2.83 0.19 9.49 
IRFP450 0.8 350 130 3.04 5.51 0.39 8.95 
IRFP460 0.54 480 190 2.05 7.56 0.57 10.19 


The lowest overall losses are obtained with the 740 type devices 
which will be utilized in this application. This procedure will yield 
different results for each application, and is a recommended step 
towards minimizing power losses. 


Rectifier Selection 


Evident from Figures 16 and 17 is the need for high performance 
rectifiers to achieve an overall high efficiency power supply. Peak 
secondary currents approach 40 amps, with an rms component near 
14 amps. Due to the high peak reverse voltages of nearly 100 volts, 
Schottky diodes cannot be used as the secondary rectifiers. Even 
the "freewheeling" diode must withstand 80 velit peaks at high line. 


Reverse recovery times must be minimal to prevent reverse current 
from flowing in the primary switches in addition to enhancing 
efficiency. While the circuit currents are quasi-sinusoidal, the rectifier 
voltage is not. Parasitic inductances and capacitances of the device 
and its package must also be accounted for as part of the resonant 
L-C tank. This implies that the transformer will be designed for a 
lower leakage inductance than the resonant L and external 
inductance will be introduced to obtain the precise amount. 


The To-247 package will be utilized for two reasons. First, it has 


lower parasitics and is better suited to high frequency applications 
than its To-3 metal case counterpart. Second, it is simple to heatsink 
this flat package, which can be mounted in various configurations. 


Unitrode UES3015S ultrafast 30 amp, 150 volt rectifiers were 
selected for the secondary input diodes. Typical performance 
characteristics are 35 ns reverse recovery times and less than 1 V 
forward drop at 30 A and 125°C junction temperature. The 
"freewheeling" diode used is a Unitrode UES1615S ultrafast type, 
with 16 amp dc capability and a forward drop of less than 0.85 V. It 


too exhibits a 25 ns reverse recovery time. 


Power dissipation and heatsinking requirements for each device can 
be calculated using the secondary currents obtained previously in 
this power supply design. Snubbing of each diode will be left to the 
prototype stage when any parasitic circuit influences can be 
evaluated. 
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Main Transformer Design 


The transformer design begins with a basic idea of the core geometry 
most applicable to the particular design. Off-line supplies lend 
themselves to low, wide winding windows, typical of the ETD 
geometry. This window shape provides adequate room to 
accomodate the creepage and clearance distances required for 
international safety specifications. 


Switching of the transformer primary will occur at a maximum of 500 
KHz, and standard ferrite materials will be utilized in this example. 
With numerous choices to consider, the 3C6A material was selected. 


To begin this 150 watt design, a fair estimate is to keep the 
transformer losses around 1% of the total input power, or 
approximately 2 watts. In addition, the transformer temperature rise 
is desired to be less than 40°C for combined copper and core losses. 
Acore size can be approximated knowing that its thermal resistance, 
R:, needs to be in the neighborhood of 40°C/2W, orless than 20°C/W. 
This is useful as a first iteration to determine the approximate 
operating flux density required. The precise size will be calculated 
using the area product formula for core-loss limited conditions, 
typical in a high frequency power supply. 


1.58 


+e 4 
abies) | (Kn f+ Ke f2)°® cmt 


Mes rere 


where: 


Pin - Input Power = 180 Watts 

K - Winding Factor = 0.163 for half bridge 
f - Transformer Frequency = 500 KHz 
K;, - Hysteresis Coeff. (C6A) = 1.10° 
Ke - Eddy Current Coeff. (3C6A) = 4.10°° 


For this design, the area-product calculates to 0.543 cm’, which is 
slightly less than the smallest standard core size, the ETD-34. 
Because the core volume i is slightly larger than required, the actual 
core losses (per cm A will be lower than first estimated. 


The manufacturers core data lists the thermal resistance of the 
ETD-34 core set as 19°C/W, with acore volume of 7.64 cm®. Several 
methods of dividing the power losses between the core and copper 
canbe used. The most common of these suggests an almost equal 
split between the two, allowing slightly more core than copper loss 
if possible. An even division of the total losses between the two will 
be utilized in this design as a first approximation. Later, an evaluation 
of the minimum number of turns and wire sizes may suggest that 
the 50/50 ratio be changed to favorably accomodate fewer turns, or 
less copper. The actual core power density, Pa, is calculated from 
the following equation, allowing a 20°C temperature rise, T;, due 
solely to core losses. . 


2 0G 
Ri: Vol 19-7.64 


Referencing the manufacturers data sheet for the 3C6A material at 
a power loss density of approximately 140 mW/cm? and a 500 KHz 
operating frequency, it is determined that an operating flux density 
of 300 gauss (0.030 T) be used. The total flux density swing, AB, is 
twice that, or about 0.060 Tesla. The minimum number of primary 
turns is calculated assuming 5 V primary drops, os line conditions, 
and a cross-sectional core area, Ae, of 0.971 cm’, . 


Vori ton: 10° 
AB : Ae 








Power Density = 


Power Density = 


_ 105:575-107°-10* 


'060-0.971 = 10.3turns 


(use10) 
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A turns ratio N of 5:1 was previously established for this design. 
Minimized leakage inductance is obtained by "sandwiching" the 
secondaries between the two primary halves. In this example, 
one-half of the primary turns will be wound first, closest to the core 
center leg. Then, the entire secondary is wound directly above the 
primary half. The final winding is remaining primary half, as shown 
in Fig. 22. 


Copper strip or foil will be used for each winding to minimize 
"build-up" which increases the distance between windings, hence 
increases leakage inductance. Ifthe transformerleakage inductance 
is greater than the required resonant inductance, then the 
transformer must be redesigned for lower leakage. 


The required primary and secondary copper cross-section areas are 
calculated using their respective currents divided by 450 amps/cm? 
for alowtemperature rise. Other transformer specifics are calculated 

below. 


Primary current rms current, lpri rms = 2.78 A rms 
Secondary rms current, Isec rms = 9.86 A rms 
Primary copper area, Axp = I-pri rms /450 

= 0062 cm* 


Secondary copper area, Axs = Isec rms /450 
= .022 cm? 

Pri. inductance, Lori = ALN,* = 190uH 

Sec (half) inductance, Lsec = AINs* = 7.6uH 


The primary conductor area is approximately equal to the area of an 
AWG # 19 wire, while the secondary area is closest to AWG # 14. 
Eddy current calculations show that the depth of penetration at 500 
KHz is .0106 cm, or about the thickness of anumber 37 AWG wire. 
The most practical technique to minimize the AC loss in a 
transformer windingt is to use copper strip or foil, as in this design. 
Its width is determined by the bobbin width and safety creepage 
requirements requirements of 8 millimeters as shown. 


The required 8 mm primary to secondary spacing between winding 
ends will be subtracted from the bobbin width of 2.10 cm, leaving 
1.30 cm (0.51 inch) forthe copper strip width. Allowing fortolerances, 
standard 0.5 inch width foil will be used in this design. The strip 
thickness is calculated by dividing the required copper area by the 
1.27 cm (0.5 inch) width. 


ae ee 101 cm (.827")——_>} 
: L130 cn.(0512.) 


° 1/2 Primary - 5 turns 
copper strip 0.002” x 0.500” __ 


copper strip 0.003” x 0.500” 


“e 1/2 Primary - 5 turns 
copper strip 0.002” x 0.500” __« 


Z, 
, 
y 
y) 
é 
Secondaries - 2 turns x 2 turns Y 
, 
, 
y 
y 
y) 


I——. 0.698 cm (0.275")——>| 


loam aa aaa aaa mama aaray vara w ara, 


ETD-34 Insulating mylar film— 
Site 2 ml thick 0.8 in. wide 
between each turn 


FIGURE 22 - Transformer Winding Layout 


Pri thickness = Axp/Width = 6.18°10°/1.27 
= .00475 cm, or .00187 in 


Sec Thickness = AysWidth = 2.19°10°9/1.27 
= 01685 cm, or .00663 in 
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Standard 2 mil (0.0051 cm) foil will be used for the primary. This is 
slightly larger than the required thickness of .00475 cm, and is less 
than 1/2 the .0106 cm penetration depth. Secondary penetration is 
from both sides because of the interleaved primary, so the calculated 
secondary thickness should be and is less than twice the penetration 
depth. Two paralleled 3 mil foils are used as secondary conductors. 


The resistance and power loss of each winding is calculated from 
the following relationships, based on the resistivity of copper at 
100°C, pcu = 2.29 * 10° Q-cm. Total copper and core losses are also 
highlighted, in addition to the toal temperature rise at the maximum 
conversion frequency. 


Pcu: avg length turn: N 
Ax 


Rori = 2.29 * 10° * 5.99 * 10/6.18 * 10° = 22.2 mQ 
Rsec = 2.29 * 10° * 5,99 * 2/2.19* 10° = 1.25mQ 
Pioss winding = Irms" *R 
Ploss pri = 2. 787 * 0222 = 171 mW 
Pioss sec = 9.86° * 00125 = 121.5 mW 
Pioss copper = 2 * 0.171 + 0.1215 = 0,4635 W 
Total power loss = copper losses + core loss 
Protal = 0.464 + 1 (approx) < 1.5 W 
Temp. rise = Rt x. Ptota = 19°C/W x 1.5W 

= 28.5°C 


Output Inductor Design 


The output inductor will be designed for one amp of ripple current at 
the minimum conversion frequency of approximately 200 KHz. Due 
to the variable frequency operation, the ripple current will change 
inversely with operating frequency, as maximum load occurs, the 
ripple current is at its lowest. This mode of operation helps lower the 
overall losses at full load because with lower ripple the peak current 
that must be switched is less. In addition, it reduces the size of the 
output choke since the peak (DC + AC) and full load (DC) current 
are withinone percent of each other. 


Lo = [(Vout + V diode) * tot max] / Alout 
= 15.8V x5 us/ 1A = 80 uH (approx) 


At the maximum conversion frequency and toft min, the output ripple 
current reduces to: 


Alout = [(Vout + Vaiode) X tott min] / 80 wH = .O8A 


Referring to Section M5 of the Unitrode Seminar Manual, core 
selection starts by calculating the area product: 


Winding resistance = 


a iF 
. Lo Ipk In 10* 

neo Ce or K. ae 

A PQ type geometry has been selected for the output choke 
application. The core set closest in size to the required area product 
is the PQ 32, which is available in either a 20 or 30 mm height. Of 
the two, the PQ32/20 size will be used because its height is similar 
to the ETD34 core set used for the main transformer. Its magnetic 
area is 1.70 cm?. 


L = Inkl: 10* 
Bmax Ae 


_ 80-10°°-10.08-10% 
~—0.30-1.7 


The cores will require gapping to store the required energy without 
saturation. Gap length is calculated from the inductance formula: 


ly = (Wo tr N?AG 10 | L ='0.680m 


Nmin = 


using \to = 40-10°’and ur = 1(air) 
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Correcting the gap length for the es field, a gap of .082 cm 
(.032") should be used. 


Again, copper strip is used to minimize losses: Winding resistance 
and power loss calculations are similar to those of the main 
transformer design, and total less than 1.5W. Oe 


OUTPUT CAPACITOR 


There are two components of ripple voltage which need to be 
considered in meeting the design goal of 100 mV. They are both 
caused by inductor ripple current. The first is simply: 


AVout = DQ / Cout 


For agiven ripple current, this component is minimized by increasing 
the capacitor value. If this were the only contributor, the minimum 
capacitance required is: 


a Alout 1 1 
2 2 2f AVout : 
This component varies with frequency. At fconv min, 6.25uF are 


needed, but at fconv max (1MHZ) only 0.1 uF is required t to maintain 
the ripple voltage specification. 


Coutmin = 


The second (and usually predominant) ripple voltage component is 
the voltage drop across the capacitor Equivalent Series Resistance 
(ESR) caused by the ripple current of A/out. The maximum ESR 
allowable for 100 mV ripple is: 


ESRmax = 100 mV / 1.0 A = 100m2 


The two ripple voltage components do not add directly as they are 
in quadrature. With electrolytic capacitors, the ESR component 
dominates the capacitor selection. The resulting capacitance value 
is so much greater than the minimum value required that the AQ/Cout 
term can be ignored. An added benefit of a large output capacitance 
is the improvement in load transient capability. 


In this design, two 100 uF electrolytic units were used in parallel to 
achieve an ESR value of 3 to 15 millionms - a broad range 
necessitated by the difficulty in getting specified high Pedeeney data 
from capacitor manufacturers. 


A final component added to the output filter is a good high frequency 
capacitor to bypass the inductive components of the electryolytics 
and shunt any switching spikes which might get to the output. 
Unitrode "P" type ceramic monolithic capacitors are used for this 
application. Different capacitor types and values can be paralleled 
to obtain a low impendance over a broad frequency range, useful | in 
this variable frequency application. - . 


Gate Drive Circuitry 


The ideal gate drive circuit must deliver sharp turn-on and turn-off 
pulses to the high voltage power Mosfets. This is made possible by 
the UC3860 controller's high speed totem pole drivers. Delivering 3 
amp peak currents, the drivers have typical rise and fall times of 25 
ns into a 1 nF load. 


Half bridge circuits require the use of a gate drive transformer to 
electrically isolate the "high-side" switching transistor from the 
control circuit. Driving both transistors from the same transformer 
180° out of phase offers nearly identical drive signals to each 
transistor. This tends to balance the switching losses and maintain 
a narrower band of the associated transition EMI. 


The drive transformer must have low leakage inductance to provide 
crisp edges during the transitions with little overshoot. This makes 
zener clamps and snubbing circuits unnecessary at the transformer 
outputs. A 0.50" O.D. toroid is used, fitted with three identical 
windings of ten turns each. This helps minimize the transformer 
magnetizing current and maximizes the peak current delivered to 
the FET gates. 
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UC3611 Cpypass 





Figure 23 - Gate Drive Circuit 


Resistors from gate to source at each FET provide a fairly low 
impedance to prevent turn-on during start-up while the |C may still 
be in undervoltage lockout. During regular operation, these resistors 
have negligible impedance. 


On the controller side, the UC3611 quad Schottky diode prevents 
the ICoutputs from going below ground, avoiding substrate biasing 
problems. A series resistor limits the peak current to the 3 A rating, 


and the transformer is reset while both outputs are low, between ~ 


cycles. 


Zero Current Detection and Switching 


The primary currrent is used for two important functions in this 
design, fault protection ans zero current detection. A typical 
configuration is shown in Fig. 26. The generalized circuit starts with 
the use of a current transformer in series with the primary of the 
main transformer to detect primary current. A turns ratio of 1:25 
reduces the switch current to a manageable level. It is full wave 
rectified by 1N4148 diodes (Dg-Dg) and converted to an appropriate 
unipolar voltage at the current sense resistor, R11. In addition, zero 
current or zero voltage can be detected by using the UC3860 
uncommitted comparator. Its open collector output can interface with 
the RC on timing pin of the one shot, pulling it below the turn off 
threshold at zero detection. As shown in Fig. 24, this reduces the on 
time of the one shot timer, allowing the Mosfets to switch at zero 
current for high efficiency. 


Implementation reqires shifting the noninverting input between two 
thresholds so that only the falling edge of primary current is an 
acceptable input for switching to occur. (See Fig. 25). This is done 
to prevent a false output from the comparator during the beginning 
ofthe cycle, where zero current also occurs. Primary current sensing 
will be offset by the resistor divider network Rai and Ri6 from Vre¢ to 
ground. This is fed into the invering input of the uncommitted 
comparator. 
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Figure 24 & 25 - Zero Current Switching 
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Figure 26 - Zero Current Switching Circuitry 








In Fig. 26, adjustments can be made to provide a comparator output 
justprior to Zero current by resistor R20. Propagation delays through 
the IC and drive circuitry, although minimal, can effectively be 
"nulled-out" along with Mosfet delays by this technique. 


The UC3860 Resonant Mode Control IC 


The block diagram of the UC3860 in Fig. 27 displays several key 
building blocks which together provide the functions necessary for 
precise resonant mode control. To begin, the undervoltage lockout 
turn-on and turn-off thresholds are pre-programmed for 17 and 10 
volts respectively and are used in their standard configuration. This 
allows ample time for start-up and bootstrapping to occur in an 
off-line supply while providing adequate Mosfet gate drive voltages. 
The UVLO can also be reprogrammed for other turn-on and off 
thresholds. Also, it functions as an alternate shutdown mechanism. 
While UVLO is invalid, the UC3860 reference voltage output is held 
low, deactivating the internal circuitry. The 1% accuracy 5.0 V 
bandgap reference is capable of driving ten milliamps maximum 
external loads. 


UVLO may ee 


VFO 


ONE -SHOT 
RC CLR | 


CMPIN(-) [| 
SFTSTRT | | 
RST DLY | 
FUT(+) | | 
FUT(-) | 


Figure 27 - UC3860 Block Diagram 
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The power supply output voltage will be divided down to deliver 3.0 
volts at the inverting error amplifier input for the desired Vou. With 
its high gain-bandwidth of 5 MHz, this voltage type op amp also 
features controlled output voltage excursions. The error amp output 
- swings from 0.0 to 2.0 V above the voltage at the VFO losc input and 
tracks this node over temperature. This mechanism facilitates the 
" maximum conversion frequency clamp in addition to the voltage (o 
current) to frequency conversion gain. 


Variable frequency operation commences with the error amplifier 

_ providing a variable output voltage. This is transformed to a variable 
current atthe VFO variable current input, /fo. Internal circuitry mirrors 
this current to the VFO timing capacitor, Cvfo. Maximum frequency 
occurrs at 2.0V/Rvio * Cvio, which coincides with the error amplifier 

_ upper clamp. Minimum frequency is also programmable via resistor 
Rm from Vrerto the /vo input. The frequency to voltage gain of the IC 
in MH2/V (or GHz/V) is also established by these timing components. 
Additionally, the VFO can be externally triggered and/or disabled at 
the respective input pin accomodations. 
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Fixed on-time pulse widths are generated by the programmable 
one-shot timing circuit. An RC network is charged by an internal 
source at the onset of a cycle, then self discharges during the 
on-time. This occurs between the precise thrsholds of the one-shot’s 
comparators. On-time can easily be shortened by an external in 
fluence used to discharge the RC components below the 
comparator’s turn-off threshold. This architecture simplifies 
interfacing with various forms of zero voltage or zero current type 
switching. The output of the UC3860 uncommitted comparator is an 
open collector which can interface directly to the one shot (RC) 
timing pin. 


Programming the VFO and One-shot: 


Let Cvto = 330 pF, Coneshot = 330 pF 
fmax = 1.05 MHz, fmin = 200 KHz 


1. fmax = 2V/Ryto Cvto ; 
Rvto = 2/(1.05MHz * 330 pF) = 5.77 


2. fmin = 1V/Rm Cvto ; 
Rm = 1/(0.2MHz * 330 pF) = 15.5 kQ 


3: ton = 0.22 3 Ron Con ’ 
Ron = 600ns/(0.22 * 330 pF) = 8.26 kQ 


The output from the one-shot feeds another programmabie module, 
the toggle flip-flop. Logic selection at the Output Mode pin either 
alternates the outputs for the dual-ended configurations, or unifies 
outputs A with B for single ended applications. As Vrerbecomes valid, 
the toggle flip-flop is always steered towards the A output. While this 
may be of littie concern in some designs, a predictable sequence of 
events upon power-up is always facilitated. 


Each totem-pole output is specified for 3 Amp peak drive pulses, 
sufficient to insure abrupt transitions at the Mosfet switches. When 
operating in unison, a 6 A peak current is obtained. Rise and fall 
times into a 1 nF load are typically 20 nanoseccnds. As seen in 
previous high power IC’s, the totem pole power ground is terminated 
through a separate pin which isolates its power ground noise from 
that of the IC’s signal ground. 


Soft start is accomplished by limiting the amplifiers output voltage to 
that of the soft start pin, typical in most IC controllers. An internal 5 
microamp current source from Ver pulls up on the external soft start 
capacitor, which gradually increases the conversion frequency upon 
start-up, as opposed to widening the pulse width in conventional 
PWMs. 


Fault protection and management circuits included in the UC3860 
are fully user programmable. A fault comparator which has both 
inverting and non inverting inputs is used to drive a programmable 
sequence latch. The operation of this latch is controlled at the 
programmable Restart Delay (RST DLY) pin, and has three unique 
modes. First, it can be oriented to latch the outputs off until UVLO 
or Vcc are toggled, similar to firing a shutdown SCR. Secondly, it can 


FAULT 
COMPARATOR 


S 
= 
Q 
U 
E 
N 
C 
E 


Figure 28 - Fault Management Programming 
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be used to cease operation until the fault input is removed from the 

comparator, then recommence operation. The third and most 
popular mode is often referred to as "hic-cup" mode. After receiving 
a fault, the outputs are turned off for a programmed time interval 
called the restart delay. Operation is then resumed, provided of 
course that the fault was removed. Implementation only requires a 
capacitor from RST DLY to ground. 


DELAYED RESTART 
“HICCUP” 
1 | 


NO RESTART DELAY 
: “INTERRUPT” 


Figure 29 - Fault Management Waverorms 


Closing the Loop 


There are several gain stages in the quasi-resonant control loop, 
and each will be examined to obtain good closed loop circuit 
response. The block diagram below displays the various gain 
stages. 


Error Amplifier: A reference voltage is applied to the noninverting 
input of the error amplilfier, and the power supply output voltage, 
through a voltage divider, is applied to inverting input. The error 
amplifier (E/A) output is commonly referred to as the error voltage 
Ve, which is an amplifier signal corresponding to the deviation of the 
power supply output voitage from the desired level. The 
compensation network is designed last, after analyzing the other 
loop gain contributors. It will provide adequate phase margin at the 
desired zero dB crossover point to ensure circuit stability. 





Figure 30 - Control Loop Block Diagram 
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The varying E/A output voltage Ve is used to gnerate a variable 
current to the VFO current input pin, /vo. As this current is varied, so 
is the power stage conversion frequency. A higher Ve corresponds 
to a higher conversion frequency. These values are designed to 
track each other over temperature, and a linear voltage to current 
transformation can be assumed. The voltage to current gain into the 
VFO equals the 2 volt maximum output swing of the error amplifier 
divided by the VFO input resistor. 


Variable frequency oscillator: The variable frequency converter 
stage accepts an input current at the /o input and generates a 
proportional output frequency. The gain of this stage is programmed 
by the E/A output voltage with the /jo input resistor and the VFO 
timing capacitor, Cyto. The VFO output frequency i is approximated 
by: 

fosc = Ivfo /Cvto, and fmax = 2V/ (Rvio * Cvto) 


The minimum frequency i is programmed by a resistor from Verto the 
Ifo input, and the transformation of the error amplifier output voltage 
to frequency is quite linear. 


Error amplifier voltage swing = 2 Volts 

foonv = ZOOKHz min = 1 MHz max 

VFO gain: 

Gvto = A800 kHz / A2 V = 0.4 MH2/V 

Power stage: The small signal gain of the power stage is 
approximated by analysis of the charge transferred at various line 
and load combinations. An assumption is made that the power 
switch ontime is constant, and any changes in frequency directly 
effect the off time, or resonant capacitor discharge time. In addition, 


both Vin and four are assumed to be constant during the interval of 
interest. 


Based on the relationship that the energy into the resonant circuit, 
W, equals the output power multiplied by the conversion period: 
W = (Qin Vsec / 2) = Power = teonv 

= Vout lout / tconv 
therefore: . 

Vout = feonv W/ lout 

This term is assumed constant for the interval of interest. 
Tabulated below at several points of interest are the values for the 
values for the power stage gain, from the results ofa previous section 
in this presentation. The gain (in volts per MHz) varies significantly 


over the input and output ranges and the highest value will be used 
to approximate the worst case conditon. 


Vin lout Win feo Gain Gain 
sec V A udJ/cye kHz V/MHz dB 

22 2.5 50 450 9.0 19.1 
38 2.5 140 180 10.1 20.1 
22 2 60 730 8.76 189 
38 5 160 320 21.4 26.6 
22 | 7.5 78 900 19.3 25.7 
38 7.5 185 450 226 27.0 
22 10 91 1000 19.1 25.6 
38 10 205 560 23.6 27.5 


The worst case value of 23.6 V/MHz will be used for the power stage. 
Multiplying this by the VFO gain of 0.4 MH2/V results in a combined 
gain Vou Ve of 9.44 (19.5 dB). 


Output Filter Section: The output filter response is defined by: 
Lout = 80 UH; Court = 200 uF 

Rout = 1.5 Q min to 10 Q max 

ESR =2to10mQ 
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| VEO & POWER STAGE us (+19.5 db) 
COMBINED GAINS[ (db) 


OUTPUT FILTER AN (—14 db) 
ATTENUATOR 


.f 
a a CE Gb, 
ae ee eee 


| | | | UNS 


10 100 1K 10K 100K 1MHZ 
FREQUENCY (HZ) | 
Figure 31 - Gains vs. Frequency 


1 
On (hen Cou) 





Pole frequency = = 1.25 kHz 


1 
on 7A ESR 


The output voltage divider shifts the level of the 15 V output to the 
required 3 V error amplifier input, resulting in a gain of -14 dB. 


ESR Zero= = 79.6 - 398 kHz — 


Compensating the quasi-resonant converter: The generalized 
approach to this compensation is to place the first pole at a low 
frequency, typically arond one hertz. Two zeros are then introduced 
at approximately the output filter break frequency to compensate for 
its two pole rolloff. A second pole is place at a fairly high frequency 
to roll off the loop gain in a predictable manner. Unlike their 
predecessors, the newer control Ics rarely run out of gain bandwidth 
and require this high frequency pole. | 


Most of the previously described elements can be lumped together 
into one gain vs. frequency Bode plot of everything except the error 
amplifier, as shown in Fig. 31. The VFO, power stage and level 
shifting voltage divider have gains that are independent of frequency, 
and are easily combined. The output filter section response is then 
multiplied by the combined gain of the previous calculation. One 
curve now depicts the entire loop response from the error ampuner 
output to its input. 


The desired characteristic of overall loop including its zero dB 
crossover frequency can be shown ina Bode plot, as in Fig. 32. The 
E/A compensation network will include two zeros near the output 
filter break frequency to cancel these two poles. Assume for now 
that the high frequency pole of this circuitry will be around or above 
the overall zero dB crossover point. The required error amplifier 
response can now be approximated graphically from the curve and 
points plotted. 





\ 
PWR STAGE, ATTENUATION 
& OUTPUT COMBINED 
— -— = PWRSTAGE & 


GAIN (db) 


ATTENUATOR 
= LOOP GAIN 
— — — = ERROR AMP 


hs 
) 
rs) 





FREQUENCY (HZ) 


Figure 32 - Closed Loop Elements 
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LOOP GAIN 
LOOP PHASE 


R, CC, 3V 


| Figure 34 - E/A Compensation Newtork 





In this example, two zeros will be introduced in the error amplifier 
response near the output filter break frequency of 1.25 KHz. A pole 
is located near the zero dB crossover point at 50 kilohertz. The actual 
gain and phase obtained in the overall loop is given in Fig. 33 


The error amplifier with its compensation network is shown in Fig. 
34. It provides high gain at low frequencies and good transient 
response. 


Zero 1:1 (2 xRiC}) 
Zero 2: 1/(a21R2Co) 
Pole 1: 1/(27R3C4) 
Max Gain: R2/(R1 & Ra in parallel) 


Input impedance is the parallel combination of R1, Re,and R3 
The compensation network is designed to produce: 

Zero 1 and Zero 2 at 1.24 kHz 

Pole 1 at 70 KHz 

> 55 dB loop gain at 50 kHz 

Using the previous equations and solving: 

R; =6.03K Re = 78.1K R3 = 1002 

Ci = 22 nF Co2=1.7 nF 


From the Bode plot of the closed loop response, the supply is 
compensated to cross 0 dB at approximately 35 kHz, with ample 
phase margin. 


Power Supply Performance 


This 150 watt power supply was evaluated while being exercised 
over various line and load conditions, and exhibited excellent 
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regulation. Response to dynamic loading was well within reasonable 
limits with little overshoot. Short circuit input current is extremely low, 
due to the programmed restart delay time constant of 50 
milliseconds and soft start of 5 milliseconds. 


High efficiency (above 80%) is achieved over the operating ranges. 
This is quite respectable for a high frequency, off-line power supply. 
The power stage was constructed on a double sided printed circuit 
board used for a precious high frequency example (1.5 MHZ current 
mode) in 1986. 


The control circuit is constructed on the Unitrode UC3860 
development PC board. The utilization of a ground plane precedes 
all circuit layout in megaHertz switch mode power designs, and is 
incorporated here. Coaxial cable interconnects the gate drive, 
current sense and output voltage signals between the control and 
power boards. Observation of the circuit waveforms requires the use 
of a UHF type scope probe socket, or chassis socket. Any length of 
ground or hook-up wire will distort the true waveforms. 


Summary 


Above several hundred kiloHertz, the square wave converter may 
not be optimal for off line designs. Losses associated with switching 
high voltages at high currents substantially reduce efficiency, power 
design and generate much EMI. The need for an alternative solution 
have resulted in various resonant and quasi-resonant approaches, 

each witih a unique set of merits, ap pieetens and control circuit 
requirements. 


The UC3860 controller has integrated the numerous specific 
functions and "building blocks" required for resonant and 
quasi-resonant topologies. Configuration for fixed on-time, variable 
frequency operation is straightforward, and other adaptations are 
easily made possible. The uncommitted comparator interfaces well 
with zero current type switching arrangements. Thye UC3860’s high 
speed logic, high power outputs and fault protection circuitry 
combine for an ideal mix of brains, brawn and speed. 
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Resonant Circuits-“Rust Remover” and Appendix 


The abrupt transition from conventional square wave conversion to 
a resonant or quasi-resonant approach can be softened by a review 
of certain fundamentals. Fig. A1 shows the sine and cosine 
waveforms along.¥ with the timing 


n/2 Tt 3n/2 Qn 


|}~—____— PERIOD ————+] 


Figure A1 - Sine, Cosine Relationships relationships 


* Switch closed at timet = tZ 


* Switch closed at time t = tO | 





Frequency = /2x 
T period = 1/f = 2n/o 


More specific to power conversion, a series resonant LC network 
driven by a DC voltage source is presented with its corresponding 
waveforms and equations in Figs. A2 and A3. 


w = 1/(LC)"?, Zr = (LIC)? 

lok = Vin/ 2, 

i = Ipx Sin(wt) = Vin sin(wt) / Zr 
Vi = Vin cos (wt) 

Ve = Vin [1-cos(ct)] 
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t= @ 1/2 nt. 3n/2 





Figures A2, A3 - Series Resonant Circuit 


Resonant circuit timing relationships and waveforms: The 
waveforms of a series resonant, parallel loaded circuit will be 
analyzed in detail and used to generate the relationships between 
time, current, charge and energy transfer in a a resonant circuit 
application. Specifically, the buck topology will be used in this 
example, which can be applied to other topologies and 
configurations. 


The cycle is initiated at time to Switch Q1 closes, delivering a 
rectangular voltage waveform to the resonant circuit. The input 
current rises linearly to Jour at a slope equal to Vin/Ly. It reaches the 
constant output current level /our at time t1. The time for this to occur 
is A10 = (t1-to). During this interval, all resonant inductor current is 
directed to the output and none delivered to the resonant capacitor, 
Cr. 


At to: 

lin = O, icr = 0, Ver = O 
From to to ti, 

lin = Vint/ Lr 

At tr, lin = lout 

Atio = Lrlout / Vin 


At time t;, the input current equals the fixed current /out. The resonant 
Lr & C, tank components begin their resonant cycle at zero current, 
and the input current rises sinusoidally to its peak of lout + vin/Zr, It 
will later intersect the output current Jou again at time te 
corresponding to 1/2 the resonant tank period, x radians. 
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At ti: 

lin = lout, lor = O, Ver = 0 

From t; to ta: 

lin = lout + (Vin/Zr) Sines (t-tr) 

Atot = w/a = 1/(2f) = 1/n(L1C,)"? 


. Vn. 
i y(t—t 
lor Z sin o( 1) 


Wee Vig (1-cos w(t-t1)) 


Once the input (inductor) current crosses /our at time te it continues 
sinusoidally until it reaches zero at time ts. At th is point, switch Q; 
is turned off to faciiitate zero current switching. The time required to 
reach zero current from /ouris A382, and depends upon the amplitude 
of Jourand Vin. 





(2) t(3)  t(4) — ter 


Figures A4, A5 - Quasi Resonant Buck Converter 


At te: 
lin = lout, Ir = O, Ver ~ 2Vin 
From te to ts: 


foutz, 
Vi 


Me 9a 
Atgo = — SIN : 
a) 








VIN 
lin = lout + -s sin (f-t) 
Z 


Ver = Vin(1-cos o(t-t1)) 


The resonant capacitor voltage vc; discharges linearly during the 
interval of At43, beginning at time ts. The capacitor voltage and At43 
are determined from the following equations: 


At ts: 

lin = 0, Ice = O 

From ts to ta: 

Ver = Vor(t3) - lout(t - t3)/Cr 
Atag = Crvecta) / lout 


Evident from the previous equations is the need to vary the output 
antime to respond to the various line, load and resonant tank circuit 
influences. 
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Vin = HIGH 


Ae aa 
t2 t3L t3H 


Figure A6 - iin, ton vS. Line Variation 


loyr =HIGH 


y | CONSTANT 


| ee | 
to tlH t2L|t2H 
tiL t3L = t3H 


Figure A7 = iin, ton vs. Load Variation 


tO «ti 2 
eats ht 
io At 
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Figure A8 - Charge Transfer 


The conversion frequency or repetition rate at the input switch is 
approximated following some intermediate calculations for total 
energy transfer from input to output, as follows: 


Charge Transfer in the Resonant Circuit 


During each resonant cycle a specific amount of charge (Q) is taken 
from the input supply and transferred to the output load. The 
corresponding energy (watt-sec) transferred is simply the charge (Q) 
multiplied by the input voltage Vin. This relationship will be used to 
approximate the conversion frequencies required to regulate an 
output voltage for various ranges of input voltages and output 
currents. 


The input current waveform will be divided into four specific intervals 
to simplify the calculations. The charge transferred in each interval 
will be calculated by integrating the current waveform throughout the 
interval. 


Qa. The charge transferred during the time interval from to to ty is 
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calculated from the equation for the area of the triangle formed: 
Ati-o = Lhd Vin 
Qa: = Ath-ol/2 = Liou? /(2Vin) 


Qb: During this resonant half-period, the sinusoidal portion of the 
input current waveform is integrated over the interval t; to te. 
lin - lout = (Vin / Zr)Sin e(t-ty) 
Vin -e. 
Qp=—* [sin (e(t-ty))at 
Zt 


VIN : 
Qp = i ai 


1/ Zrw = Cr 
“.Qb = 2VIN Cr 


Qc: The rectangular area of charge delivered to the output during 
interval t; to te is: 





“- COS | 
0 


Qc = lout A t21, where At2; = n/m 
Qc = xlou/ 


Qd: The sinusoidal current decreases from /our to zero during the tz 
and tg interval. The charge transferred is calculated by subtracting 
the sinusoidal component from the rectangular region formed by /out 
and ts. 


i) 
Qd = lout A tg2 + Inf sin (w(t )) at 


Qd = lout A 132 - Vn -cosé 
Zn 


Qd = lout A t30 ~ VIN C, [ cos (x +aA 32) = cos] 


+ 
wv 


| x wAt32 





A tao = (1 | )sin (lout Zn / Vin) 


For practical purposes, this area can be repesented by a linear 
approximation without a significant compromise in accuracy. The 


Unitrode Integrated Circuits Corporation 
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area formed by loutAtge/2 is a reasonable estimate of the area, 
resulting in approximately 1% error in the total charge transferred. 


Qd = lout Atg2/2 = (1/20) lout sin”! (lout Zn /Vin) 


Qt: The total charge transferred from the input to the output per cycle 
is the summation of charges Qa through Qd. 


Qt = Qa + Qb + Qc + Qd 
Llout . vf lout 
2Vin eviNer® 3) 20) VIN 


The approximation made to simplify the calculation of charge Qd 
also allows the substitution of charge Qa for Qd, thus reducing the 
total charge transfer to the following. 


Qt = 2Qa+Qb+Qc 


lat xl 
Q, = blow . OVC ee 
Vin oh) 


Energy Transfer During the Resonant Cycle 











Qt= lout sin ~! loén 


The energy per cycle, W, can be calculated by multiplying the input 


voltage Vin by the total charge Qt transferred from the input to the 
output. Dividing the energy per cycle W by the output power Pour 
unveils the conversion period - the inverse of the switching 
frequency. : 


Wleycle Vin Qt 











Tae 
mee Pout Vout lout 
V 
= —~ (Qa+ Qb + Qc+ Qd) 
Vout lout 
Vin 
= (2Qa + Qb+ Qc) 
Voutlout 
2 
(oe Vin Lrlout 4 2 VIN, a TU lout 


Vout lout | Vin 
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ABSTRACT 


A new family of integrated circuits is introduced. Devices from 
this family implement the necessary architecture to control a broad 
range of resonant mode converters. Key features in the areas of 
switch timing, fault management, and soft-start technique are 
unique to this family. Individual devices are customized to handle 
off-line or DC to DC, single-ended or dual-switch, zero-voltage-or- 
current-switched configurations. Specific application to three 
different resonant mode converters is mentioned. 


SURVEY OF EXISTING CONTROL 
INTEGRATED CIRCUITS 


Since 1986, interest in resonant mode power conversion has 
exploded in the technical conferences. IC makers have been quick 
to respond with offerings of control ICs. Table 1 is a list of chips 
available at the present time. To simplify thinking, the first three 
parts listed are essentially the same design as are the last two. There 


Fault F | Fault 
3V e Logic 

and 
Precision 

Soft-Ref [_| Reference 

NI sa 

INV = 

E/AOut {| 

Range me 

Rmin | vco 

Cvco || 

Zero | | 

0.5V C) 
RC d 








are significant differences in features and performance levels 
between the three groups. However, a common operational 
philosophy is shared by all: fixed-pulse-width variable-frequency. 
This approach has been applied to zero-current-switched (ZCS), 
quasi-resonant mode converters with reported success. _ 


Table 1. List of Resonant Mode Control ICs 


LD405 
GP605 
CS3805 
UC3860 
MC34066 
CS360 
Bias & 
5V Gen ; __} 5V 
| J Gnd 
UVLO 
mt ' | | Vee 
FET | Jj OutA 
Drivers 7 out B 
|] Pwr Gnd 


Figure 1. Controller Block Diagram 
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APPLICATION NOTE 


NEW FAMILY OF RESONANT MODE 
CONTROL INTEGRATED CIRCUITS 


As the discipline is maturing, the advantage of some feature 
changes has become apparent. Versatility to control both ZCS and 
zero-voltage-switched (ZVS) converters is needed. The ability to 
control proper switch times (on or off) with changing line, load, or 
component values is needed. To address these needs, a family of 
controllers based on a common silicon die has been developed. 
Three members of the family, the UC1861, UC1864, and UC1865 
will be covered in detail. 


The common block diagram of the family is illustrated in figure 
1. These parts feature an error amplifier (E/A), voltage controlled 
oscillator (VCO), one shot timing generator with a zero wave- 
crossing detection comparator, steering logic to two output drivers, 
a SV bias generator, and under voltage lockout (UVLO). A latched 
fault management scheme provides soft start, restart delay, and a 
precision reference. 

Die options can be produced that give different UVLO levels, as 
well as different output properties. There are two UVLO options. 
The first, suited for off-line operation has thresholds of 16 and 10V. 
While UVLO is active, Icc is less than 0.3mA. The other option is 
8 and 7V, to accommodate lower input voltage DC/DC converters. 


The flavor of the outputs required by different resonant mode 
topologies requires the steering logic to be configured specially for 
each application. The basic options that can be built allow for single 
or dual switch drive, and controlled on or off times. Zero-current- 
switching applications require controlled switch on times while 
zero-voltage-switching applications require controlled switch off 
times. Figure 2 shows these options. | 


One Shot _ ] J 
Single ZCS - | i | , | “| | | 
Single ZVS af EK 
(UC1864) 

TE eee a eee (ae eS 
(Uc1865). B _ 

puizvs A LH — J L__ 
(UC1861) | 


B —— -— 
Figure 2. Output Drive For Different Converters 


Table 2 details the options implemented in the 1861, °64, and 65. 
Other options can be built from the same die. 


Table 2. Implemented Options in the 1861, ’64, °65. 





Device UVLOVth Outputs —Zero-(?)-Switching 
UC1861 16/10V. —*Diuaa@l Voltage 
UC1864 —-8/71V Single Voltage 
UC1865 16/10V Dual Current 
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PRIMARY CONTROL BLOCKS | 


The fundamental control blocks essential for a majority of 
resonant mode converters are an error amplifier, VCO, one shot 
timing generator, and output stage to drive power mosfets. 


ERROR AMP & VOLTAGE 
CONTROLLED OSCILLATOR 

Figure 3 details the E/A and VCO. The E/A output directly 
controls the VCO via the Irange generator. The VCO has inputs for 


two resistors, RR. and R_. , and one capacitor, C.. R_. and 
ange, min vco" "min 
C,. determine minimum frequency. 


Foe 3.6 (1) 


5V 


‘Clock 


Figure 3. Error Amplifier and Voltage Controlled 
; Oscillator 


When the output of the E/A is less than or equal to one diode drop 
above ground, the VCO operates at minimum frequency. The E/A 
output can go as high as one diode drop below 5V. When at this 
potential, the VCO frequency is at its maximum. — 


Po el ee Ot | (2) 
ae (R IR im © 


ange vco 


Usable maximum frequency tops out around 1.5MHz. The 
Frequency range is the difference in equations 2 and 1. 


7 360 3) 
aF= 2 =o | 
ange ~vco 
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APPLICATION NOTE 


Since the nominal E/A output swing is approximately 3.6V for 
full variation in VCO frequency, the gain of the VCO block is 


dhjdvee: Sees (4) 


ange vco 


In ZCS power supplies, an increase in frequency will correspond 
to an increase in the converter's output voltage. For these 
applications the E/A non-inverting input is connected to a reference 
voltage while the output voltage sense is fed back to the inverting 
input. For ZVS power supplies, a decrease in frequency 
corresponds to an increase in output voltage. For these systems, the 
inputs to the E/A are exchanged. 


The common mode range of the E/A is from zero to 6V. This 
feature allows zero volts to be a valid reference voltage applicd to 
the E/A. Soft start, covered later, takes advantage of this feature. 


ONE SHOT TIMING REQUIREMENTS 


The basic premise in resonant mode conversion is packets of 
energy delivered at varying repetition rates. Each energy packet 
dictates a basic switch on or off time, hence the one shot timer. In 
ZCS systems the switch is on. In ZVS systems the switch is off. The 
timer, then, should force the switch to conform to the resonant 
timing of the tank circuit. It is this conformance that achieves zero 
stress switching. 


L = 16.4 pH LoadOto1A 






Line 
100 
to 
150V 


‘Te = 3.16nF 


Figure 4. ZCS Resonant Tank Example 


For purposes of convenience, a simplified ZCS resonant tank is 
presented to illustrate the timing requirements of resonant 
converters in general. This is an example, not a rigorous theoretical 
presentation. It does, however, demonstrate the problems to 
overcome in properly controlling a resonant mode converter. The 
circuit of figure 4 is designed to operate from line inputs of 100 to 
150V and 0 to 1A load current. The tank frequency is arbitrarily 
selected to be 700kHz. A reasonable first guess for tank impedance 
is determined by 


N iaiing (5) 
oT * 1.386 
= 72ohms. 
From the equations governing resonant tank natural frequency 
and impedance, L and C can be calculated. 





F= —1_ =700kHz (6) 
anv LC 

Z, = Le =72 ohms (7) 

a | | 
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Z 
L= © =164 
so 16.4 WH (8) 
°o 
‘ = 3, 
a 16nF (9) 
fo ¢ 


Figure 5 shows the pertinent current and voltage waveforms for 
the case of 125V input and 0.8A output. When the switch closes at 
zero time, the current starts to build linearly. Once the current 
reaches 0.8A, then load current is completely supplied through the 
inductor and D2 carries no current. At this point in time the L and 
C resonate together until inductor current retums to zero. At this 
time the switch is allowed to turn off, but it doesn’t necessarily have 
to. D1 prevents reverse current in the switch. It isn’t necessary to 
open the switch until the capacitor voltage decays to line voltage. It 
is acceptable to open the switch any time during this “switch 
window”. If it is opened too soon, the circuit will suffer severe 
switching losses. If itis not opened, the tank will resume resonating, 
as shown by the dashed curves. If the switch is opened later than the 
switch window, not only will the circuit suffer switching losses, but 
the transfer function becomes overly complex. 





Line = 125V 
Load = 0.8A 
Inductor L = 16.4 1H 
2.5 - Current C = 3.16nF 
(A) Linear 


2.0 


1.5 


Kk Discharge 
Capacitor 
Voltage ee 
(X100(V)) a 
1.0 


0 0.5 1.0 1.5 2.0 


0.5 


Figure 5. Typical Resonant Tank Waveforms 


The graph in figure 6 plots the switch window as a function of 
load current for both high and low line voltage. For example, at a 
load current of 0.5A and high line, the switch must be closed for at 
least 0.80us and need not be opened until 1.6lus. Examination 
reveals the most stringent switch window, 1.03 to 1.21us, occurs at 
low line and full load. Furthermore, this window is a subset of all 
other windows. This might lead to choosing a fixed on-time of 
1.12us under the assumption that it is relatively easy to build a fixed 
time one-shot circuit with total variations less than +/-8%. 
However, further consideration will lead to a different conclusion. 


In order to insure that the example in question can be produced, 
the variations of the resonant components and the possibility of 
output overload must also be examined. This example continues by 
assuming total variations for the capacitor are under 10% while 
under 20% for the inductor. A 20% overload is also allowed. 
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Time Figure 7 shows the valid switch windows at 1.2A and 100V for 
(us) nominal component values as well as the four tolerance corners. 
20 Several observations can be made. Firstly, the window for the case 
of +20% inductor and -10% capacitor variations has zero tolerance. 






Time 
(11s) 


1.5 Component _ 
Tolerance: | 

1.4 
L +.20% 

1.3 
C+ 10% 


1.2 


1.1 


Yj 
: Yj Line = 100V 
1.0 Yj Li Load =1.2A 


0.9 





L(-)C(-) LE)C(+) NOM L(+)C(-) L(+)C(+) 


Load Current (A) Figure 7. Switch Window vs Component Value 


Figure 6. Minimum/Maximum Switch Time vs Load 
One Shot Pulse 
Current Clock | : 
a 3 (Resonant Time) 






5V 





Clock | | | | | 


-(Internal) 


Vth2 
RC Vth1 


Zero (0.5V. 


onesnt 1 LJ LJ L— 


Zero 
Minimum ea Controlled 
Pulse Pulse 


Figure 8. One Shot Timer. 
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The switch must turn off at 1.30us. This is because the tank 
impedance is exactly the ratio of low line voltage to overload 
current for these component values. This is the source of the 1.386 
factor in equation 5. Secondly, and the point of the illustration, there 
is no possible value of fixed switch time that accommodates 
component variation. 


ONE SHOT TIMING GENERATOR 


In figure 8, details of the one shot timer are seen. The clock signal 
from the VCO sets the latch, blanks the output, and causes the RC 
timing pin to be discharged. The timing pin determines the 
minimum and maximum times the one shot output will be high. 

= R* 
Tax R*E (10) 


m 


Tice O32 5 (11) 
min max 


Between these two limits, the zero detect comparator will 
terminate the one shot pulse whenever the Zero pin goes below 
0.SV. By sensing the zero crossing of the resonant waveform, the 
one shot adapts to different resonant component values and varying 
line/fload conditions. The switch time will properly track the 
resonant tank assuring Zero stress switching. 


STEERING LOGIC & OUTPUT STAGE 


Figures 9, 10, and 11, are block diagrams of the stecring logic and 
output stages. Each output stage is a totem pole driver optimized for 
driving power mosfet gates. Gate currents of 1A can be obtained 
from each driver. Note the 1864 single driver is actually both 
drivers on the chip paralleled. Sample waveforms for the three 
configurations were shown in figure 2. 


Fault and UVLO response of the three configurations is identical. 
These indications always force both drivers to the low state. During 
UVLO, the outputs can easily sink 20mA irrespective of Vcc. 


One Shot 







Fault 
Latch 
UVLO 


Figure 9. UC1861 Steering Logic 
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Figure 10. UC1864 Steering Logic 


One Shot 


Fault 





Latch Pwr 
UVLO 'Gnd 
Figure 11. UC1865 Steering Logic 
SECONDARY BLOCKS 


The secondary blocks on board are UVLO, a SV bias generator, 
and fault management with a precision reference. The purpose of 
the 5V generator is to provide a stable bias environment for internal 
circuits and up to 10mA of current for external loads. The one shot 
timing resistor connects to SV. 


UVLO senses both Vcc and 5V. It doesn’t allow operation of the 
chip until both are above preset values. When Vcc is below the 
UVLO threshold, the 5V generator is off, the outputs are actively 
pulled low, the fault latch is set, and supply current is less than 
300uA. a 


SOFT START, RESTART DELAY, 
PRECISION REFERENCE 


A novel combination fault management and precision reference 
is shown in figure 12. One pin is dedicated to a fault sense 
comparator with a 3V threshold. A second pin does triple duty 
providing soft start, restart delay, and precision system reference. 
UVLO initializes the latches, forcing the chip output(s) to be low 
and the Soft-Ref pin to be discharged. After UVLO, Soft-Ref is 
charged by an internal 0.5mA current source until is it clamped at 
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Fault | 
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0.2V 


Soft-Ref 
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, Output(s) 
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R=0.5mA 
& 











UVLO 

Fault 

Output(s) MME: iG GY yy YY, 
5V 
4V 

Soft-Ref 
0.2V 


Figure 12. Fault Comparator, Soft Start, Restart Delay And Precision Reference 


SY. The soft start time is approximately given by: 
T =C_ * 10kohms. (12) 


softstart 

The recognition of a fault causes the outputs to be driven low and 
the Soft-Ref pin to be discharged with a 20uA current source. This 
is the restart delay period. When Soft-Ref reaches 0.2V, the outputs 
are enabled and the pin is recharged by the 0.5mA current. If a fault 
should occur before completion of the charge cycle, the outputs are 
immediately driven low, but the Soft-Ref pin is charged to 4 Volts 
before the 20uA restart delay current discharges the pin. The restart 
delay time during continuous fault operation is: 


Toeaan = Cop * 190Kohms. (13) 


resta 
The ratio of restart delay to soft start is 19:1. If shorter restart 
delay times are desired, a resistor of 20k or larger can be added from 
Soft-Ref to ground. The timing equations then become: 


(0.48mA * Rsr) - 0.2 \ (14) 
(0.48mA * Rsr) - 5 


Time 
(ms) 
200 







Restart Delay Time 
150 


100 
Cop = 1pF 


= Soft Start Time (=10ms) 






0 


20k 50k 100k 500k 1M 2M 


200k 
Restart Delay Resistance (2) 


Figure 13. Soft Start And Restart Delay Times 
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(20uA * Rsr) + 4 (15) 
= * * poe eke oeeeees 
Trestan = Ree” Coe” 1" \ Q0uA * Rsv) + 0.2 
Soft and restart times are plotted in figure 13 forC. = 1uF. 


The restart feature can be defeated by the addition of a 100k 
resistor from Soft-Ref to SV. In this configuration, a fault detection 
will permanently shut down the converter until either Vcc is 
recycled and UVLO resets the fault circuit, the 100k resistor is 
opened, or Soft-Ref is externally pulled to ground. The soft start 
time becomes: 

Toonstan = Cer 2: 2KOhm. (16) 

The Soft-Ref pin is the system reference pin. By ramping the 
reference from zero during soft start, the converter output will 
follow the ramp up under closed loop control. This technique 
allows controlled starts for both ZCS and ZVS systems with no 
significant overshoot. 


The reference characteristic of the Soft-Ref pin is due to a 
trimmed 5V zener-type clamp circuit. Fifteen ohms resistance 
separates the Soft-Ref pin from the clamp to eliminate zener 
oscillations for any external capacitance value. The clamp zener is 
designed to tolerate loading of +/- 200uA without degradation of 
reference accuracy. Loading, however, will alter the soft start and 
restart delay times, and could even preclude restart delay action 
unless care is taken in the design. 


Vin 


Soft 
Ref 1864 22° 


5V 


IK 


Fault 
“VCO 


TT 
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DC/DC ZVS SINGLE ENDED FORWARD 
CONVERTER APPLICATION 


A ZYS multi-resonant forward converter based on previously 
reported (ref. 4) work is shown in figure 14. An 1864 is used to 
control the converter. A 22k resistor from the input line is used to 
start the circuit, which boot-straps power from the output to the chip 
after start-up. Before start-up, the chip draws less than 300uA and 
starts operating when Vcc reaches 8V. After start-up, the 22k 
resistor dissipates 7OmW. 


The switch voltage, V, is sampled with a 100k/5.1k divider 
network. The chip anticipates zero crossing when V_ = 10V. In this 
power converter, switch voltages of 200 to 300V are to be expected. 
Apnpis used to clamp the zero voltage, Vz to prevent damage to the 
chip. The 100k resistor represents an insignificant load to the 
resonant circuit. 


The paralleled outputs are connected, as good practice dictates, 
to the mosfet gate with a small-valued resistor. A schottky diode 
parallels the output pins to protect the chip from negative voltage 
spikes that might result from parasitic ringing in the gate circuit. 


This power stage was demonstrated to have excellent short 
circuit tolerance when the minimum switching frequency is well 
controlled. For this reason, the fault input is not used. 

Sensed output voltage is scaled & presented to the non-inverting 
pin of the E/A. The inverting input is DC referenced to the Soft-Ref 


Vout 
y 12V 


100k 


Vs 0 





5.1k 


Figure 14. ZVS-MR Forward Converter Controlled By UC1864. 
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220 to 380V 


270k 


Vout 


4 
|= 4 UC3611 Diode Array 


Figure 15. ZCS Off-Line Half-Bridge Converter With UC1865 


pin, SV. The compensation network shown represents zero DC load 
to the Soft-Ref pin. As long as C,_is much larger than the feedback 


capacitor, then soft start behavior will be essentially as described in. 


equation 12. 


OFF-LINE ZCS HALF-BRIDGE 
CONVERTER APPLICATION 


AZCS off-line half-bridge converter (ref. 1) with an 1865 control 
IC is shown in figure 15. Irrelevant details in the converter have 
been simplified. The wide UVLO hysteresis and low start current 
of the chip have been used in start-up. A single resistor from the 
high voltage bus is used to start the circuit which then sustains itself 
from output voltage. 


This circuit samples resonant current with transformer T1. 
Rectified secondary current, converted to an analog voltage, is 
applied to the fault and zero inputs of the 1865. Excessive current 
in the resonant tank will effect a shutdown and restart. The resistor 
between current sense transformer and the zero pin is to limit 
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Figure 16. ZVS Half-Bridge Converter 
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current when the signal is at a high value. The allowable voltage 
range at the zero pin is zero to 9V, and resistive current limiting to 
less than ImA is sufficient. 


The half bridge power mosfets are transformer driven from the 
differentially connected output drivers of the 1865. A UC3611 
schottky diode array has been used to prevent the outputs from 
being forced too far above Vcc or below ground. 


The E/A non-inverting input is directly connected to the Soft-Ref 


pin to take advantage of all three features of the pin. This 
emphasizes the simplicity of application of the 1865 to this 
converter. 


OFF-LINE ZVS HALF-BRIDGE 
CONVERTER APPLICATION 


An off-line ZVS half-bridge converter (ref. 3) is shown in figure 


16. An 1861 controls this converter in much the same manner as 
the two previous examples and is not shown here. The error amp 
configuration matches the ZVS example while the output stage is 
configured like the ZCS example. - 


This application does, however, present a difficulty in sensing 
zero voltage to control the one shot. In the first ZVS example, the 
voltage waveform was ground referenced and unipolar. The ZCS 


V+ 


39V “A 45pF 


1M 
Vs 
1/2V+ 


Zero pin 
os ae on UC1861 





F igure 17. Zero Voltage Sensing Scheme For 
ZVS Half-Bridge Converter 


Unitrode Integrated Circuits Corporation 
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example had bipolar current, but a transformer and diode bridge 
conditioned the signal for the chip. In this example, zero switch 
voltage needs to be sensed for both Q1 and Q2. This poses no real 
problem for Q2. Q1 is another story. Some form of external 
circuitry must be employed to sense Q1 and translate tho 
information to the ground referenced chip. 


An easily implemented high voltage comparator circuit is shown 
in figure 17. The pnp and diode are the only high voltage 
components used. The circuit dissipates only 300mW. The output 
of this circuit is applied directly to the zero input of the 1861. 


CONCLUSION 


A new family of integrated circuits to control resonant mode 
converters has been introduced that provides several improved 
features over those previously available. This family has parts that 
are suited not only to zero-current-switching, but also to zero- 
voltage-switching converters. The 1861, 1864, and 1865 are suited 
to off-line ZVS, DC/DC single ended ZVS, and off-line ZCS 
systems. Controllers for other specific converters can be built from 
this family. Adaptive control for resonant tank component 
variations as well as varying line and load conditions is inherent in 
the chip duc to its zero crossing detect circuitry. A unique one pin 
approach to soft start, restart delay, and system reference provides 
adjustable restart delay to soft start time ratios as well as closed loop 


‘ control during soft starts. Relative ease of application to three 


previously reported converters was discussed. 
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Abstract - 


High voltage, high current N-channel MOSFETs, now widely accepted in the industry, have found their 
way into numerous high power designs. As their cost to performance ratio continually improves, gate drive 
circuitry becomes a more significant factor in overall switch cost. This is most notable in “high-side” switching 
applications where an isolated gate drive is required. A new integrated circuit pair, the UC3724/UC3725, 
will be presented which implements a simple, isolated MOSFET gate drive circuit. To achieve a cost 
effective high side switch drive, UNITRODE has developed a unique modulation technique which transmits 
both signal and power across a small pulse transformer. This puoventon supercedes Unitrode mppieaton 


Note U-124, si written by C.S. Silva. 


INTRODUCTION 


Designers of power drives for PWM motor 
controls and switching power supplies often face 


the problem of driving the high-side MOSFET - 


transistor in a high voltage power stage. In many 
applications, for example, bridge and three phase 
configurations, there are several of these switch 
drives to implement, and the level of complexity 
can be discouraging. From a cost standpoint, it is 
advantageous to utilize N- channel MOSFET de- 
vices in comparison to their more expensive - yet 
easier to drive P- channel counterparts. However, 
these high-side switch gate drive circuits can 
quickly become extravagant, and frequently re- 
sult in complicated or unreliable schemes. 


Probably the most common technique used in 
high-side drive circuits is to generate an isolated, 
or “floating” auxiliary supply voltage. Referenced 
to the high-side MOSFET’s source, this supply 
powers a conventional gate drive circuit. The 
average auxiliary power consumed is generally 
well below one watt, and varies with switching 
frequency, FET size and number of paralleled 
FETs used to configure “one” switch. A typical 
Circuit using this method is shown in figure 1. 
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With the realization that average MOSFET 
gate drive power is quite small, charge pump 
circuits are frequently used to implement the 
floating supply. In these designs, the storage 
capacitor can become large in an attempt to 
minimize the supply’s ripple voltage and may 
impair the useable range of frequencies and duty 
cycles. Due to this constraint, the switch on-time 
must be limited by the control circuit, and prefer- 
ably, undervoltage lockout incorporated in the 
driver circuit to assure reliable operation. 


A simple alternative to this discrete approach 
can be obtained by using a high voltage IC - 
provided that the maximum switch voltage and 
on-time are within it’s capability. There is, how- 
ever, a cost penalty for this single chip solution. 
While the basic gate drive and protection circuitry 
have a low voltage requirement, the level shifting 
transistors necessitate a high voltage IC process 
- an option which is inherently expensive. Addi- 
tionally, many motor drive circuits cannot tolerate 
an on-time limitation, and require an auxiliary 
power supply for continuous (DC) operation. 


APPLICATION NOTE 


Typically, an opto-coupler is used to translate 
the switch activation command from the ground 
_ referenced, or “low-side” control circuitry up to the 
high-side driver. Unfortunately, this technique 
comes with its own set of reliability issues which 
includes low common mode transient immunity, 
and performance degradation over time and tem- 
perature. High voltage MOSFET circuit slew rates 
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can easily exceed 20 kV/us causing opto-coupler 
self turn-on or turn-off. The opto-coupler’s AC 
common mode rejection must be carefully evalu- 
ated, as this specification is usually influenced by 
common mode voltage as well as dv/dt. Power up 
and power down sequences also present poten- 
tial failure without undervoltage lockout circuitry. 


TYPICAL HIGH SIDE DRIVER APPLICATION 


DRIVER 


PWM 


POWER PATH RIDGE 


'! RECTIFIER 


contro | |S" ” 7 “onto “coices 
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Figure 1. 


UC3724 / UC3725 DRIVER PAIR - BASIC CIRCUIT 
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Figure 2. 
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—  UC3724/UC3725 DRIVER PAIR 

The Unitrode UC3724/UC3725 IC pair offers 
a compact, and comparatively inexpensive de- 
sign solution to the problem of supplying both 
isolated power and command signals. Figure 2 
shows the basic circuit implementation. The two 
ICs, a pulse transformer, and a few passive com- 
ponents form acomplete isolated MOSFET driver. 
A unique modulation technique simultaneously 
transmits power and command information across 
the transformer. 


Provided the operational voltage is low, inte- 
grated circuit technology allows sophisticated cir- 
cuits to be implemented at low cost. Transformers 
can easily provide several thousand volts of isola- 
tion, while supplying both power and signal. By 
exploiting each device’s strengths, a low cost, 
high performance solution is achieved. 


The UC3724 transmitter IC generates the 
carrier signal, with one of two possible duty cycles 
as commanded by the TTL level input. A unique 
carrier oscillator design noi only sets the operat- 
ing frequency, but also prevents the transformer 


—. U-127 
from saturating, by assuring that the transformer 
magnetizing current is zero before initiating a 
subsequent oscillator cycle. Average transformer 
voltage is always zero, even under the transient 
conditions caused by input command changes. 
Saturation of the transformer. core is virtually 
impossible using this technique. : ! 


To minimize transformer size and cost, a high 
frequency carrier is used. Although the carrier 
frequency limits the maximum transmitted switch- 
ing frequency, it has no effect on input to output 
delay, which is solely determined by circuit propa- 
gation time. 3 


The UC3725 driverIC rectifies the transformer 
isolated carrier to power the driver circuitry. Addi- 
tionally, comparator circuitry determines the input 
command by sensing which duty cycle is transmit- 
ted, driving the MOSFET gate accordingly with 
the high current output stage. A comparator with 
programmable off time circuitry implements 
local over-current protection, while an enable 
input provides additional control and protection 
flexibility. Og 


UC3724 ISOLATED DRIVE TRANSMITTER - BLOCK DIAGRAM 





Ts] OUTPUT A 


Figure 3. 


UC3724 DRIVE TRANSMITTER 


The UC3724 block diagram is shown in figure 
3. The circuit consists of a bias voltage generator 
with under voltage lockout, control logic, a 
retriggerable one-shot, a TTL compatible input with 
hysteresis, two tri-level output drivers, and two 
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zero current sense comparators. 


~The under voltage lockout inhibits the output 
drivers when the input supply voltage is below 9 
volts. Once adequate supply voltage is present, 
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the bias generator supplies the appropriate inter- 
nal voltages and currents, allowing the outputs to 
be enabled. This assures correct operation at 
power-up and power-down. 


The carrier oscillator uses both a one-shot 
pulse width and the transformer core reset time to 
set the overall period. The one shot pulse width 
(Tay) equals one-third of the nominal carrier pe- 
riod, and is set by timing resistor ( (R,) and Cca- 
pacitor (C_). 

1) Thy =0.51°R, °C, +150ns (sec) 

“Full” supply voltage is applied to the trans- 
former primary during this time by driving one 
output high and the other low. Transformer mag- 
netizing current rises linearly at a rate determined 
by the primary inductance and applied voltage. 


V, -V. 
2) di/dt= 





(amps / sec) 
Lon 


When the one-shot pulse ends, the low output 
switches high, and the high output switches to 
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approximately one-half of the supply voltage. This 
applies “half” supply voltage to the primary, effec- 
tively in a reverse polarity to that of it’s previous 
State. Internal offset circuitry compensates for 
Output conduction voltage drops and maintains 
the full/half voltage ratio over temperature and 
supply voltage variations. 


Power is transferred to the secondary circuit 
only while full voltage is applied to the primary. 
During this period the primary current is a com- 
posite of load and magnetizing current. The load 
current is interrupted when the half voltage is 
applied, so the residual primary current flowing | is 
the magnetizing current. 


With half voltage applied, the magnetizing 
current falls at one-half of the rate at which it had 
increased. An interval twice the programmed one- 
shot period is therefore necessary to reset the 
cores magnetizing current to zero and prevent 
any possibility of core saturation. The UC3724 
incorporates a zero current detection circuit which 
guarantees that the magnetizing current has 
reached zero before initiating another oscillator 
cycle. 


UC3724 OPERATIONAL WAVEFORMS (STEADY STATE) 


Ct(2V/div) 


trace 1 


V pri A-B 
(20V/div) 
trace 2 
outputa 
(20V/div) 


trace 3 
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I pri 
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Figure 4. 
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Steady-state (continuous logic low input com- 
mand) waveforms are shown in figure 4. The first 
trace shows timing capacitor (C_) voltage, which is 
charged by a current set by the timing resistor 
(R,). At time t,, the one-shot is triggered, dis- 
charging the timing capacitor. Output, (trace 3) 
switches high, and output, (trace 4) switches low, 
with the resulting differential voltage Vi... (trace 
2) applied across the transformer primary. The 
transformer magnetizing current (trace 5) in- 
creases linearly at a rate described by equation 2. 


Attime t,, the timing capacitor voltage reaches 
the 2.5 volt threshold, ending the one-shot period. 


Output, is switched to (V,,/2) + Virgo» and output, 


is switched high, allowing it’s catch diode to con- 
duct. The primary voltage (V.,i,..,), is inverted, and 
reduced in half, causing the magnetizing current 
to fall at half the rate at which it had increased. 


| _ U-127 

Output,’s current sense comparator senses 
that the magnetizing current has reached zero at 
t., triggering the one-shot, thus initiating another 
oscillator cycle. Ifa continuous highis commanded, 
the waveforms for output, and output, are inter- 
changed, and the magnetizing current is inverted. 


At an input command transition, the existing 
oscillator cycle is terminated, the A and B outputs 
are reversed, and a new oscillator cycle is initi- 
ated. This applies full voltage of the appropriate 
polarity across the transformer primary for detec- 
tion by the UC3725. Although the oscillator cycle 
has been terminated without allowing the core to 
reset, there is no danger of saturation. By revers- 
ing the outputs, the magnetizing current must first 
cross through zero before rising in the opposite 
polarity. The peak magnetizing current is actually. 
less than a normal cycle, reducing the fall time, 
and hence the oscillator period. 


UC3725 ISOLATED SIDE MOSFET DRIVER BLOCK DIAGRAM 





Figure 5. 
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UC3725 ISOLATED MOSFET DRIVER 


The block diagram for the UC3725 is shown in 
figure 5. The circuit consists of a Schottky bridge 
rectifier, an internal reference with under voltage 
lock out, a differential hysteresis comparator, a 
high current totem-pole driver, a current sense 
comparator with programmable off time one-shot, 
and an enable input. 


The Schottky bridge rectifies the isolated 
secondary voltage, providing power for the IC. A 
small capacitor, typically a 1uf ceramic, provides 
filtering and bulk storage to supply the high peak 
currents required to rapidly charge the MOSFET 
gate. 


The undervoltage lockout inhibits the output 
driver when the supply voltage is below 12 volts. 
This assures that sufficient voltage is available to 
drive the MOSFET gate, preventing posse de- 
structive linear operation. 


The output driver is capable of delivering 
nearly two amps peak, which is more than ad- 
equate for most applications. The UC3725 fea- 
tures a Self biasing drive arrangement which ac- 
tively sinks gate current during under voltage 
lockout, preventing MOSFET self turn on. No 
additional gate to source resistor is required. The 
output voltage is clamped to 15 voits, which along 
with under voltage lockout, virtually eliminates the 
possibility of incorrect gate drive voltages 


Over-current protection is provided by moni- 
toring the voltage across a source resistor. The 
current sense comparator triggers a one-shot, 
which turns off the MOSFET, when the voltage 
exceeds 0.5 volts. At power-up, ©,,, is charged to 
7 volts. When an over-current is detected, the 
output is latched off, and the 7 volt source is 
disabled allowing R,,, to discharge C,,,. When 
C,, discharges to 2 volts, the output is enabled and 
C,, is charged back to 7 volts. Off time is typically 
selected to maintain safe MOSFET junction 
temperature with a continuous fault load, and is 
programmed by timing resistor (R,,,) and capacitor 
(Cor) with the following equation. 

3) Toy =1-28°FA °C, «= (Seconds) 

An enable input allows direct output control for 

specialized applications. It can be used with level 
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shifting transistors, optocouplers, or other source 
referenced circuitry such as a UC3730 thermal 
monitor circuit for MOSFET over-temperature 
protection. 


The input command, transmitted by the 
UC3724, is demodulated using a differential 
hysteresis comparator. The comparator senses 
whether the “full voltage” applied to the trans- 
formeris positive or negative, corresponding to an 
“off” or “on” input command. The bridge rectifier 
causes the peak secondary voltage to always be 
two diode drops above \, while the comparator 
hysteresis is internally set to twice Yc. The 
MOSFET is turned on when the secondary volt- 
age is more negative than -(Vo_), and turned off 
when more positive than Vec. Note that there is a 
logic inversion between the hysteresis compara- 
tor and the gate driver. 


Referring to steady-state waveforms (figure 
4), the secondary current (trace 6) charges the 
supply capacitor during the full voltage output 
segment of the oscillator cycle (time t, thru t, ). 
During the half voltage output segment (time t, 
thru t.), nO Secondary current flows, thus only 
magnetizing current is present in the primary 
current (trace 7), allowing proper oscillator opera- 
tion. 


For this example, a 30% duty cycle input 
command was arbitrarily selected, and the asso- 
ciated waveforms are shown in figure 6. At time 
ty, the input command (trace 1) transitions from 
low to high, immediately switching output, low, 
output, high, and retriggering the one-shot. The 
differential hysteresis comparator switches low, 
driving the output (trace 4) high, when the trans- 
former secondary voltage (V,.. ,., trace 3), is more 
negative than -(V,,). The primary current (trace 2) 
is inverted from the output, and output, reversal, 
but power delivery to the IC is unaffected due to 
the bridge rectifier input. 


The input command transitions low at time ty, 
switching output, high, output, low, and retrigg- 
ering the one-shot. The hysteresis comparator 
switches high, driving the output low, when the 
secondary voltage exceeds V,,,. Note the reduced 
magnetizing current fall time, and associated os- 
cillator period reduction, after input command 
transitions. 
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OPERATIONAL WAVEFORMS AT 30% DUTY CYCLE 


input 5V/div 
trace 1 


Ipri 50ma/div 
trace 2 


Vsec A-B 20V/div 
trace 3 


output 20V/div 
_ trace 4 


Horizontal 
50 pS/Div 


to 





Figure 6. 


PRACTICAL CONSIDERATIONS 


The selection of carrier frequency (or more 
appropriately one-shot period since carrier fre- 
quency varies at switching transitions), is influ- 
enced more by transformer design than perfor- 
mance objectives. The minimum switching com- 
mand period should be limited to four times the 
one-shot pulse width, to assure that adequate 
time is available to reset the core. Note that this 
limits the maximum switching frequency - but not 
the duty cycle range which is always 0 to 100%. 





Figure 7. 


-Waveforms for a command period approxi- 
mately four times the one shot pulse width are 
shown in figure 7. The carrier oscillator has suffi- 
cient time to reset the transformer core and pre- 
vent saturation. 


The one-shot period has no effect on input to 
output propagation delay, since the leading edge 
provides the output command information. Turn- 
on and turn-off propagation delay waveforms are 
shown in figure 8. | 


INPUT 
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The maximum carrier frequency is limited to 
600 Khz. Most circuits will operate between 200 
and 600 Khz., allowing switching frequencies up 
to 450 Khz., and a simple low cost transformer 
design. Nominal carrier frequency is calculated 
using equation 4. 


‘ 
4)F. = (Hz) 


3°¢Tpw 


where Tpyw = one-shot pulse width 
from equation 1. 


Power supply voltage directly affects dissipa- 
tion in the transmitter IC. Typical supply current 
verses voltage for the UC3724 is shown in figure 
9. In most applications, bias power loss is about 
half of the total power dissipation. 





Figure 9. 


The UC3725 driver IC provides sufficient gate 
voltage with a 15 volt supply. Any further increase, 
although safe since the output is clamped to 15 
volts, causes additional bias power dissipation. 
By adjusting the transformer turns ratio,a15to 18 
volt secondary supply can.be generated with any 
primary voltage, allowing maximum efficiency . 


Magnetizing current also contributes towards 
increasing dissipation with supply voltage. Ai- 
though the UC3724 outputs can handle several 
hundred milliamps of load current with the output 
transistors in saturation, nearly one-half Vcc is 
across the upper transistors during the magnetiz- 
ing current fall time. Dissipation during this period 
usually limits the peak magnetizing current, al- 
though catch diode current (which only conducts 
falling magnetizing current) is limited to 50 mA 
peak. When the peak magnetizing current falls 
below 10 ma, the required primary inductance 
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becomes excessive, resulting in a large number 
of turns orlarger core size. Therefore, the optimal 
range of peak magnetizing current is between 10 
and 40 mA. 


In many applications, the average gate charge 
current delivered by the driver is insignificant in 
relation to the UC3725 bias current. When larger 
MOSFETs, particularly large parallel assemblies, 
are driven at higher frequencies, the average gate 
charge current will have a considerable effect on 
the total transformer load. Average gate charge 
current is the product of gate charge (Qg), which 
is specified by the MOSFET manufacturer, and 
the switching frequency. 


5) [5 (avg.) =Q,°F, (amps) 
where 


Q, = gate charge 
F. = switching frequency 


All of the charge delivered to the gate at turn- 
on must be removed at turn-off. The resultant 
average power dissipated by the driver and gate 
resistor is described by equation 6. 


6) P.=Q,*V,*F, (Watts) 


where V, = fully charged gate 
voltage 


The over-current input on the UC3725 has a 
typical delay time of 150 ns. Most applications 
require a small RC filter to attenuate leading edge 
current spikes caused by parasitic capacitance 
and catch rectifier reverse recovery. Careful at- 
tention to layout and component selection is nec- 
essary to prevent false triggering. The current 
sense resistor should be non-inductive to mini- 
mize spiking and ringing. The filter capacitor should 
be located as close to the IC as possible, with 
direct connections to the comparator input and 
common. The connection between the UC3725 
common, and the MOSFET source resistor, must 
have relatively low impedance to prevent gate 
drive current from affecting current sense accu- 
racy. In addition this should be a “Kelvin” con- 
nection, such that no load current flows through it. 
If the current sense feature is not required, the 
comparator inputis simply connected to common, 
and the timing input is allowed to float. 
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DESIGN PROCEDURE 


Typically, the application dictates the 
MOSFET(s), switching frequency, and switch iso- 
lation voltage. For cost considerations, a supply 
voltage common with other circuitry, is usually 
chosen to power the UC3724. The designer is 
then left with the carrier frequency and peak mag- 
netizing current to select. A high carrier frequency 
is normally used to minimize transformer size and 
cost. Magnetizing current is initially set to a nomi- 
nal value, such as 20 ma, and then adjusted if 
necessary to optimize the transformer design. 


The one-shot pulse width is set to 1/3 the 
carrier frequency using equation 1. By rearrang- 
ing equation 2, and allowing 2 volts for saturation, 
the transformer primary inductance can be calcu- 
lated. | 


(V..-2) °T 


where Voc = supply voltage 
Tpw = one-shot pulse width 
lmag= peak transformer 
magnetizing current 


Transformer core selection is an iterative pro- 
cess based on the following two equations. 








Vapplied ee °10° 
8) A B= (Tesla) 
. __, turns “A, 
ad Lon a 0° . 
9) Nims —. (turns) 
A 


_- Atoroid is usually the most cost effective core 
geometry for this application. The core material 
should be chosen for low losses and high perme- 
ability at the design frequency to minimize trans- 
former size and number of turns. Thermal resis- 
tance and loss factors provided by the manufac- 
turer are used to select the optimum core size. A 
flux density of .05 Tesla (500 Gauss) will cause 
approximately a 20 degree C rise at 500 KHz with 
common power materials such as Ferroxcube 
3C8. 
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_ Typically most toroids used for this application 
have an AL between 1000 and 3000 mH/1000 
turns. An estimated number of turns is calculated 
using an average A, value of 2000 mH/1000 turns 
in equation 8. By rearranging equation 7, an 
approximate core are is calculated using a flux 
density of .05 Tesla, and the estimated number of 
turns. This leads to a first core selection, and an 
actual A, value, which is used in equation 8 to 
calculate N,,.,. The flux density is then checked 
using equation 7, and a larger or smaller core is 
selected if necessary. 

The turns ratio is calculated using the following 
equation, which allows 2 volts for UC3724 output 
saturation, and 3 volts for UC3725 rectifier drop 
and output saturation. 





7 Voc "2 
10) Turns ratio= , 
Vyate +3 


The power supplied by the transformer is the 
sum of the UC3725 bias loss and the average gate 
charge power. For minimum wire size, the result- 
ing RMS winding currents can be calculated, 
although typically there sufficient space to use 24 
to 28 AWG wire for ease of handling. 

High voltage isolation is implemented by 
sleaving the primary winding with an insulation 
suitable for the required breakdown voltage. For 
low leakage inductance, bifilar windings are used, 
with additional turns added to the primary or 
secondary for non 1:1 turns ratios. 


Pee ee 


The feliowing design same isa ane 
purpose isolated MOSFET gate driver. Up to 200 
milliwatts is available for gate drive, which is 
suitable for most applications. A 15 volt power 
supply provides sufficient secondary voltage by 
using a step-up transformer. 


Driver specifications : 

* 200 milliwatts average gate drive poner 
* 100 KHz. switching rate — | 

* 15 V supply voltage 

*1KV minimum isolation voltage 


A 600KHz. carrier frequency is selected to 
minimize transformer size and cost. The one-shot 
pulse width is calculated by rearranging 


equation 4. 
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| 
Toy = ———— 
3°600 KHz 


= 556ns 


Since the carrier frequency is near maximum, 
2K will be used for R, . C, is calculated with 
equation 1. 


(556-150) ns 


0.51°2K 
= 398pf (use 390pf) 
30mA is selected for the peak magnetizing 


current. The corresponding primary inductance is 
calculated with equation 7. 


(15-2) Ve556ns 
n= 
30 mA 
= 241uH 
The estimated number of turns are calculated 


using equation 9 with an average value of 2000 
mH/1000 turns for A, . 


241°10° 
turns 7 
2000 
= 11 turns 
The approximate core area is calculated 
with equation 8, using a flux density of 0.05 
Tesla. : 
13V9556nse1 0* 
11 turnse0.05 Tesla | 
= 0.131 cm? 
A one-half inch diameter toroid, Ferroxcube 
part number 204T250-3C8, is selected which has 


the following specifications. 


Ac = 0.148 cm? 
A, = 1620 mH/1000 turns 


Niums ‘S$ Calculated using the actual A, value 
in equation 9. 
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241°10° 
N 


turns ~— 


1620 


= 12.2 turns (use 12 turns) 


The flux density is checked using equation 8. 


(15-2) Ve556nse1 0+ 
AB= ———— 
12 turnse0.148 cm? 


= 0.041 Tesla 


The turns ratio is calculated using equation 10 for 
a gate voltage of 12 to 14 volts. 


| (15-2) V 
Turns ratio = 
(12+3) V 


= 0.867 
Therefore N,,.= 14 turns 


The transformer is wound with 26AWG magnet 
wire for ease of handling. A teflon insulation sleeve 
is slipped over the primary winding to improve the 
primary to secondary breakdown voltage. The 
primary and secondary are wound bifilar, to mini- 
mize leakage inductance, then the two remaining 
secondary turns are wound. 


To verify operation, the test circuit shown in 
figure 10 was built. The over current, gate and bulk 
storage components are selected per MOSFET 
and load requirements. Figure 11 and 12 show 
turn-on and turn-off waveforms respectively. 


The lower MOSFET in figure 10 was configured 
to test self turn-on of the upper driver during high 
transformer dv/dt. With 300 volts slewing at a rate 
in excess of 25 kv/us, no evidence of driver self 
turn-on was observed. 


APPLICATIONS 


Although the lower MOSFET driver is config- 
ured for faster switching than would normally be 
required, figure 10 is typical of half bridge outputs, 
where two or three of these circuits could imple- 
ment a full or three phase bridge respectively. Full 
isolation for UL or VDE requirements can be met 
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by using isolated drivers for both upper and lower pletely isolating the control circuitry from output 
MOSFETs. This configuration can also greatly devices. | 
reduce noise in high current applications, by com- 


TYPICAL HIGH SIDE DRIVE APPLICATION CIRCUIT SCHEMATIC. 


UC3724 see 


IRF740 





FULL BRIDGE OUTPUT 


Some circuits have multiple MOSFETs driven 
from the same command, which are isolated from 
each other. A most notable example is the full 
bridge, which is commonly used in orush and 
stepper motor drives. Multiple secondaries can 
drive additional isolated UC3725 circuits, from a 
single UC3724, further reducing cost and com- 
plexity. 


HORT. 


Figure 13 shows a fully isolated bridge circuit. 
By isolating all of the MOSFETs and the current 
sense signal, complete control to output isolation 
is achieved. Dual secondaries on each trans- 
formereliminates the requirement fortwo additional 
transformers and UC3724s. For feedback and 
protection, a hall effect current sensor monitors 
load current directly, while providing high voltage 
isolation. The local over-current circuit in the up- 
per FET drivers protects during load to ground 
shorts. 
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FULL BRIDGE OUTPUT CIRCUIT 


UC3725 


uc3724 12 


= HALL 


OUTPUT B EFFECT 
CURRENT 
SENSE 


UC3637 UC3725 LS 
CONTROL UC3724 14 
CIRCUIT 


OUTPUT A 


CURRENT 
FEEDBACK 





Figure 13 


_ HALF BRIDGE OUTPUT CIRCUIT 


UC3725 


UC3724 








Figure 14 
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HALF BRIDGE OUTPUT 


By reversing the polarity of one of the secondary 
windings on a dual secondary transformer, two 
FETs are switched out of phase from each other. 
A typical application for this arrangement is the 
half bridge, and is shown in figure 14. Dead-time 
between turn-off and turn-on is difficult to imple- 
ment using this technique. To turn off both FETs, 
the UC3724 supply voltage must be removed, or 
the UC3725 enable inputs driven high. While 
shutting down the supply voltage is suitable for 
power-up/power-down protection, it is to slow to 
control dead-time. Isolating or level shifting the 
enable inputs adds complexity and negates the 
advantage of using a dual secondary transformer. 
Cross conduction is easily minimized however, by 
the gate resistor arrangement which provides 
rapid turn-off and slow turn-on. This technique is 
also typically used to minimize cross conduction 
caused by stored charge in the MOSFET body 
diode. 
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- LEVEL SHIFT DRIVER 


The UC3725 makes an excellent level shifted 
driver for lower voltage, non-isolated applications. 
All of the necessary protection features which are 
often omitted in discrete designs are incorporated 
in the UC3725, assuring reliable operation under 
all conditions. Figure 15 shows a typical level shift 
circuit with a “boot-strap” supply. The MPS-U10 
level shift transistor has a maximum Veeo of 300 
volts, although it’s dissipation without a heatsink 
limits the maximum supply to approximately 200 


volts. Figure 16 shows input to output propagation 


delay while switching 150 volts and 3 amps. A 20 
mA current source with a voltage compliance 15 
volts above the supply rail can be used in place of 
the boot-strap circuit, for applications which can- 
not tolerate an on-time limitation. The cost effec- 
tiveness of this approach will depend on supply 
voltage and number of high-side MOSFETs. 


LEVEL SHIFT CIRCUIT 


UC3725 VDD 


1 uF 
it Te 
, INB VCC [—» | 





Qi 
bs IRF 


INA OUT 


ENA COM 


Figure 15 
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INPUT 
SV/DIV 


OUTPUT 
50V/DIV g 
0 


OUTPUT 
50V/DIV 


‘INPUT 0 
SVIDIV. 9 


HORIZONTAL 
100ns/DIV 


Figure 16. 
LATCHED OVER-CURRENT FAULT 


Current limiting is provided by the control 
circuit in many applications. Local protection from 
the UC3725 is therefore only required for fault 
conditions which result in high di/dt such as output 
shorts. It may be desirable to latch the output off 
under such a fault, rather than enable after a fixed 
off-time. Figure 17 shows a simple circuit used in 
place of the timing resistor and capacitor which 
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will latch the output off after the over-current 
comparator is triggered. The 10uf capacitor re- 
sets the circuit at power-up by holding the timing 
input below the 2 volt one-shot threshold. When 
an over-current is sensed, the timing input voltage 
falls, and is clamped at 5.1 volts. The one-shot 
period normally ends when C,,, is discharged 
below 2 volts, but by clamping the voltage, the 
time constant effectively appears infinite. 


TIMING VCC 


COMMON 





Figure 17 


FAST AC SWITCH 


UC3724 





Figure 18 
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FAST AC SWITCH 


Fully isolated gate drive lends itself to unique 
power switching circuits which are. otherwise ex- 
tremely difficult to implement. Figure 18 is a fast 
AC switch with over-current and over-tempera- 
ture protection. The MOSFETs are selected to 
withstand the peak AC voltage, with each FET 
blocking in the opposite polarity. Figure 19 shows 
a 100 ohm load switched across 115 VAC, 60 Hz. 
The diode network allows current sensing in both 
directions, with the 4.7K resistors functioning as 
current sources. Protection against excessive 
MOSFET junction temperature is accomplished 
by mounting both FETs and the UC3730T on the 
same heatsink. MOSFET thermal resistance 
(junction to heatsink), and maximum FET dissi- 
pation must be considered when selecting the 
shut-down temperature set by R1 and R2. Refer 
to UC3730 data sheet for additional information. A 
1000pf/20 ohm snubber is connected across the 
switch to reduce turn-off voltage spiking. The 
actual snubber values required are determined by 
load conditions. 





ams/DIV 


Figure 19. 
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SUMMARY 


A unique integrated circuit pair, the UC3724/ 
UC3725 has been presented that provides a 
simple, low cost, isolated MOSFET gate drive 
solution. Protection features prevent abnormal 
gate drive voltage, and provide over-current limit- 
ing. Duty cycle or on time limitations typical of 
other techniques are avoided, and by utilizing a 
transformer for isolation, there are no inherent 
isolation voltage limitations. The circuit is suitable 
for fully isolated systems which must meet UL or 
VDE requirements, as well as typical high-side 
switch applications. 


REFERENCES 


1. C. de Sa e Silva, “CHIP PAIR PROVIDES 
ISOLATED DRIVE FOR POWER MOSFETS IN 
PWM DRIVES REQUIRING 0 TO 100 % DUTY 
CYCLE”, UNITRODE APPLICATION NOTE # U- 
124 | 


2. W. Andreycak, “1.5 mHz CURRENT MODE IC 
CONTROLLED 50 WATT POWER SUPPLY’, 
UNITRODE APPLICATION NOTE #U-110 _ 


3. W Andreycak, “ A NEW GENERATION OF 
HIGH PERFORMANCE MOSFET DRIVERS 
FEATURES HIGH CURRENT, HIGH SPEED 
OUTPUTS’, UNITRODE APPLICATION NOTE # 
U-126 


INTEGRATED 
CIRCUITS 


aan UNITRODE U-128 
APPLICATION NOTE 


THE UC3823A,B AND UC3825A,B ENHANCED 
GENERATION OF PWM CONTROLLERS 


BILL ANDREYCAK 


ABSTRACT 


This application note will highlight the enhancements incorporated in four new PWM control ICs, the UC3823A, UC3823B, 
UC3825A and UC3825B devices. Based upon the industry standard UC3823 and UC3825 controllers, this advanced gen- 
eration features several key improvements in protection and performance over their predecessors. Newly developed tech- 
niques such as leading edge blanking of the current sense input and full cycle soft start protection following a fault have 
been incorporated into the design. Numerous enhancements to existing standard functions and features have also been 
made. | 


INTRODUCTION 


Higher degrees of integrated functions within PWM IC controllers are necessary to remain in pace with todays advanc- 
ing power supply technology. Many external features, used almost universally by designers, have been built into this new 
generation of UC3823A,B and UC3825A,B PWM controllers. These control enhancements can be classified as eithera 
performance or protection improvement, and an itemized description of each will be presented. The new features are: 


PERFORMANCE IMPROVEMENTS PROTECTION ENHANCEMENTS 
- Lower startup current - Active Low outputs during UVLO 
- Accurate oscillator frequency - Advanced undervolitage lockout 
- Leading Edge Blanking - Latched fault logic 
- Higher current totempole outputs - Full-cycle soft start 
- Higher G.B.W. Error Amplifier - Restart delay after fault 


Clock/LEB 4 | 
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Figure 1 - UC3823A,B and UC3825A,B Block Diagram 
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UC3823A,B AND UC3825A,B FEATURES PREVIEW 
AND APPLICATIONS GUIDE 


In most applications, the UC3823A and UC3825A devices 
are enhanced drop-in replacements for the UC3823 and 


UC3825 high speed PWMs. The “A” suffix versions 


(UC3823A and UC3825A) feature similar undervoltage 
lockout (UVLO) thresholds to the preceding generation 
which tum on at 9.2 volts and tum off at 8.4 volts. Off-line 
power supplies can benefit from the wider UVLO hystere- 
sis of the “B” version devices (UC3823B and UC3825B) 
which tum on at 16 volts and off at 10 volts. This, in con- 
junction with the lower startup current of 100 microamps can 
streamline the IC’s power supply and minimize startup cir- 
Cuitry power loss. : 


One significant difference will be found on the UC3823A and 
UC3823B controllers. Formerly, the UC3823 (non A or B ver- 


sion) provided access to the current limit comparator’s — 


threshold at pin 11. This could be accurately set by the 
user within the range of 1.0 to 1.25 volts with an extemal ref- 
erence voltage. The UC3823A and UC3823B devices use 
pin 11 as a high current totempole output, identical to that 
found on pin 14. These outputs can be paralleled - effectively 
doubling the peak output current capability to 4 amps. No 
access to the previous current limit reference (| LIM REF) 
comparator is provided as this threshold is intemally set to 
1.0 volts with a +/- 5% accuracy over all operating conditions. 
Existing applications can incorporate the UC3823A or 
UC3823B devices by simply removing any of the former 
extemal biasing components to pin 11. 


One other major difference to the prior generation of PWMs 
is the reduced maximum operating supply (Vcc) and col- 
lector supply (Vc) voltages of 22 volts versus 30 volts. This 
characteristic is a principal consideration when determining 


the IC power supply, as nearly all applications utilize a _ 
supply voltage between 10 and 15 volts. Typical supply — 


current is higher, 28 mA versus the former 22 mA, however 
the maximum Icc is unchanged at 33 mA. 


Since many of the enhancements in this new family of 
PWMs are executed using intemal circuitry, most applica- 
tions require no additional components extemally to realize 
a performance or protection advantage. The list of improve- 


ments which includes latched fault protection and full cycle. 


soft start should not require any PC board changes. The 
leading edge blanking feature, however, will require one 
capacitor from the CLOCK/LEB (pin4) to ground to facilitate 
programming. 


The improved oscillator section can be optimally pro- 
grammed for the correct frequency and maximum duty 


cycle combination. No changes to the timing component. 


values of Rt and Ct are necessary. Additionally, high fre- 
quency current mode applications can benefit from the 
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high gain bandwidth error amplifier (12 MHz). Unity gain 
bandwidth is also up from 5.5 MHz to 9 MHz. This should. 
not require changes to the PC board layout unless the 


~ compensation circuit design relied upon the older 5.5 MHz 
 UGBW for high frequency roll-off. 


STARTUP FEATURES 


Since a majority of PWM applications are off-line convert- 
ers, a low startup current is desirable. This attribute mini- 
mizes the complexity and power loss of the startup power 


_ supply once normal operation is attained. Every milliamp of 


additional startup current drawn by the controller results in 
a power loss of approximately 385 milliwatts in a power 
factor corrected application. Heat, PC board real estate 
and additional cost are unnecessary extras which can be 
eliminated with a lower startup current controller. 


4 
+400VDC - BOOTSTRAP | | 
RsTaRT J Z 7 
15VDC OUTPUT : 


Caux | |< = 


4 = 
Figure 2 - Startup/Bootstrap Circuit — 


This new generation of UC3823A,B and UC3825A,B con- 
trol ICs minimizes the startup current to 100uA typically. 
Once the IC crosses its undervoltage lockout threshold, 
the current drawn will increase to the typical running current. 


In an off-line converter, two things are necessary to get the 
main converter up and running when the control IC tums on. 
First, the IC should contain wide undervoltage lockout hys- 
teresis. Second, the bootstrap supply should come up and 


into regulation very quickly before the auxiliary capacitor volt- 


age drops below the ICs lower (tum-off) undervoltage lock- 
out threshold. 


Undervoltage lockout thresholds are primarily determined 
by the allowable MOSFET gate voltage range. Operation 
with gate-to-source voltages above sixteen volts can cause 
overstress. to the device, and voltages lower than about 
nine volts can cause linear FET operation. The “B” suffix des- 
ignator (UC3823B and UC3825B) is used to define devices 
which exhibit typical undervoltage lockout thresholds of 
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16V (tum-on) and 10V (tum-off) for off-line applications. 
The “A” suffix parts (UC3823A and UC3825A) incorporate 
9.2V (tum-on) and 8.4V (turn-off) thresholds for DC to DC 
converter applications, and are compatible with existing 
UC3823 and UC3825 (non A,B) UVLO thresholds. 
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Figure 3 - 9.2/8.4V UVLO Thresholds-DC/DC Converters 
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Figure 4 - 16/10V UVLO Thresholds-Off Line Power Supplies 


SELF BIASING, ACTIVE LOW OUTPUTS 
DURING UV LOCKOUT 


Another enhancement to the new UC3823A,B and 
UC3825A,B controllers is found in the output stages. During 
undervoltage lockout almost all intemal functions of the 
control IC are disabled, primarily to obtain a low startup 
current. Generally, this would result in little or no available 
bias to actively keep the outputs low during this power-up 
condition, when it’s needed the most. Outputs are in a high 
impedance state which is typically about 1 megohm. As 
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the DC (bulk) high voltage rises, a capacitive divider is 
formed at the MOSFET switch between the drain-to- gate 
and the gate-to-source capacitances. A quickly rising bulk 
Supply can couple a problematic gate drive command to any 
FET driven without a gate pull down circuit. Since the con- 
trol IC is below its tum on threshold, the unbiased output 
drivers of older PWMs cannot prevent the switch from tum- 
ing on under these circumstances. . : 


One solution to prevent this parasitic turn-on during under- 
voltage lockout is to incorporate an active low, self biasing 
totem-pole design in the driver output. As shown in figure 5, 
a PNP drive transistor (Q2) is connected between the output 
pin of the IC and the lower NPN output transistor (Q3). As 
the output voltage rises, transistor Q1 is biased on through 
the 50K ohm resistance. This causes the base of Q2 to go 
low, tuming Q2 on. The output pin supplies drive bias to 
the main totem-pole transistor, Q3, directly through the sat- 
urated PNP. Increasing voltage on the output pin provides 
more drive to transistors Q1, Q2 and Q3. The saturation volt- 
age of this circuit at moderate currents (10mA) is well below 
the tum on thresholds of the power switching MOSFETs. This 
circuit is removed from operation once the undervoltage 
lockout requirements have been satisfied. Transistor Q4 
is tumed on with a valid UVLO which voids the possibility of 
transistor Q1 from ever turning on during normal opera- 
tion. Additionally, a 250 microamp current source from Vcc 
keeps the PNP predriver (Q2) off after UVLO. 





Figure 5 - UVLO Self Biasing Outputs 


Another benefit of this technique is obtained during power 
down. As the IC crosses below its lower UVLO threshold, 
the self biasing circuitry is enabled. Any residual voltage on 
the output will similarly tum the totempole stage on which 
actively pulls the output low. This feature insures correct gate 
drive operation regardless of the tum off sequence. 
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Figure 6 - Output V and | During UVLO 
OSCILLATOR ACCURACY 


Fundamental to the design of any switchmode converter is 
maintaining an accurate switching frequency. The 
UC3823A/B and UC3825A/B ICs utilize two pins for the 
sawtooth oscillator; one each for the timing resistor (Rt) 
and timing capacitor (Ct). The resistor programs the charg- 
ing current to the timing capacitor via an intemal current 
mirror with high accuracy. Maximum switch on-time is deter- 
mined by the rising capacitor voltage whereas deadtime, the 
programmed switch off time is determined by the timing 
capacitors discharge. 


Considerable improvement has been made to the accuracy 
of the oscillator discharge current. Tne previous generation 
of UC3823/25 devices endured variations of plus or minus 
forty percent (+/- 40%) over the full military temperature 
range and production tolerances. This new generation of 
UC3823A/B and UC3825A/B PWM controllers features a 
well controlled oscillator discharge current which is “trimmed” 
at wafer probe testing to +/- 1 milliamp. Oscillator initial 
accuracy (400 KHz nominal) has been tightened to 375 
KHz minimum and 425 KHz maximum. Total variation over 
all line and temperature ranges is limited to 350 and 450 
KHz. A new specification for 1 MHz accuracy has been 
added, demonstrating a plus or minus fifteen percent total 
frequency variation at high frequency. 


CLOCK OUTPUT 


The UC3823A,B and UC3825A,B controllers also feature a 
TTL/CMOS compatible CLOCK output pin. Specified ampli- 
tudes are 3.7 volts in the high (off) state and 0.2 volts during 
its low state. Additionally, this pin is also used for program- 
ming ofthe leading edge blanking function. Notice that unlike 
their non A,B predecessors, these enhanced versions cannot 
be externally synchronized by an input to the clock pin. 
Synchronization is obtained by forcing a SYNC pulse across 
a resistor in series with the timing capacitor. 
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Figure 7 - Frequency and Deadtime Variations vs. Discharge 
Current Tolerances 
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Figure 8 - Controlled Discharge Current 


LEADING EDGE NOISE IN THE 
CURRENT SENSING CIRCUIT 


One of the most difficult tasks with peak current mode con- 
trol is sensing the inductor current. Instead, switch current 
is generally sensed by means of either a series resistor or 
current sense transformer. There is some difficulty with 
using this technique accurately, especially at light current 
levels. As the switch tums on, circuit parasitics in the power 
stage, output rectifier reverse recovery characteristics and 
high current gate drive pulses can create significant noise 
pulses on the leading edge of the current sense signal. 
Traditionally, this problem has been overcome by adding a 
small R-C noise filter between the current sense resistor and 
the PWM controllers current sense input. At low operating 
frequencies and high output current levels this R/C filtering 
technique will generally deliver satisfactory results. However, 
at higher switching frequencies, and almost always at lighter 
load currents the leading edge spike amplitude can greatly — 
exceed the peak current sense signal. 
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Figure 9 - Synchronization 


The leading edge current sense noise shown in figure 10 
will cause a premature, false triggering of the pulse width 
modulator. Additionally, this will lead to instability of the con- 
verter by causing the voltage loop to oscillate at light loads. 
When the PWM is triggered by the noise spike instead of 
the true current signal - a smaller (minimum) pulse width is 
delivered to the main switch. The power supply’s output 
voltage subsequently falls which causes the voltage ampli- 
fier to command for a higher inductor (switch) current. 
Eventually this continues until the amplitude is sufficient to 
rise above the leading edge noise spike. 


e ® TO 
OUTPUT 
FILTER 






TO CURRENT 


Rsense SENSE 


Figure 10 - Current Sensing Technique 
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Pulse widths too wide for proper operation are now deliv- 

ered and the output voltage climbs until the voltage ampli- 

fier commands less current. This oscillatory process 

continues at a rate determined by several factors. 

Noteworthy is that this has nothing at all to do with the insta-. 
bility caused by inadequate slope compensation, or peak- 

to-average current error. The cause is leading edge noise, 

and even optimal loop compensation cannot protect against 
this problem. | 


LEADING EDGE BLANKING 


The RC filter shown in figure 10 can be tailored to work 
well over a limited range of applications and power levels. 
Another technique, known as Leading Edge Blanking (LEB) 
essentially blindfolds (blanks) the PWM comparator for a 
specific amount of time during the beginning of the cycle. 
The blanking duration is user programmable and should cor- 
respond to the width of the leading edge noise spike. This 
eliminates the need for filtering of the current sense signal 
in peak current mode controlled circuits. 
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Figure 11 - Instability Caused By Leading Edge Noise Tnggenng 
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Figure 12 - Leading Edge Blanking Operational Waveforms 
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LEB IMPLEMENTATION | 


The focal point of any fixed frequency PWM controller is its 
clock. Used to accu rately program the switching frequency 
and maximum duty cycle, the clock serves as the trigger 
source for the leading edge blanking circuitry. A digital rep- 
resentation of the timing capacitor charge/discharge status 
is developed by intemal logic. This is made available at 
the PWMs CLOCK pin for external purposes. The 
UC3823A,B and UC3825A,B all use a high output to indi- 
cate the OFF period of the switching cycle, and a low to indi- 
cate the maximum ON time. These levels will be 
incorporated into the design of the proaane edge blanking 
Circuitry. 


The clock output of the UC3823A,B and UC3825A,B is 
pulled high during the oscillator deadtime to approximately 
4 volts. A capacitor added to the CLOCK output pin pro- 
grams the leading edge blanking duration. An intemal com- 
parator with an accurate threshold set at 60% of the peak 
clock amplitude has been added. The LEB programming 
capacitor is discharged by an intemal 10K ohm resistance 
to ground. The LEB interval is defined by the time required 
for the capacitance to discharge from 4 volts to the 60% 
threshold. Once the LEB capacitor discharges below this 
threshold, the PWM operates normally without any blank- 
ing. Programming should accommodate the worst case of 
leading edge noise. With no programming capacitor added, 

the ICs function similarly to their predecessors and pro- 
vide no blanking. 
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LEADING EDGE 
BLANKING 
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CLK/LEB. 


Figure 13 - LEB Circuitry 
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Because of the leading edge blanking, the PWM outputs will 
exhibit a minimum ON time in normal operation. The dura- 
tion corresponds directly to that of the LEB programming, 
sO a minimum duty cycle has also been established. 
Resolution between zero duty cycle and this minimum duty 
cycle cannot be obtained - which should also be taken into 
account when programming the LEB circuitry. 


Zero duty cycle is a valid operating condition which can be 
achieved by one of two methods. The most obvious tech- 
nique is to bias the error amplifier such that its output is 
driven below the PWM zero duly cycle threshold of 1.1V. The 
ICs error amplifier can easily accomplish this while sinking 
current up to 1 mA, worst case. The second technique uti- 
lizes the current limiting feature (ILIM) at pin 9. An ILIM 
input held above the 1.2V (typ) FAULT threshold will force 
the PWM’s on-time and duty cycle to zero. More details of 
the interface between the PWM and fault circuitry will be 
found in the following fault protection section. 


Ct RAMP 


INTERNAL — 
SYNC 





CLK/LEB .......].--- iN 








LEB | | 


INTERVAL 


Figure 14 - Blanking Waveforms 


LATCHED FAULT PROTECTION 


While the previous generation of control ICs offered fault pro- 
tection circuitry, they did not feature a fully latched shut- 
down after detecting a fault. The unlatched technique only 
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discharges the soft start capacitor during the duration of 
the fault - a duration which can he very brief with a high 
speed controller. As a result, the duty cycle is not significantly 
reduced, and the IC continues delivering output pulses at 
the the switching frequency. Typically, the switching com- 
ponents can easily be dangerously overstressed while also 
dissipating a significant amount of power. 


The new UC3823A,B and UC3825A,B controllers feature 
a latched fault protection circuit as shown in figure 15. Two 
comparators are used to offer two stage protection - depend- 
ing on the amplitude of the fault. The first comparator has 
a one volt threshold for cycle-by-cycle current limiting. In 
normal operation this terminates the immediate switch drive 
pulse but does not trigger the latching fault logic. One volt 
has been selected as the peak amplitude of the current 
sense signal for normal operation and slight overloads to 
accommodate transients. 


The second comparator has a slightly higher threshold of 
1.20 volts, indicative of a twenty percent overload or fault. 
When this comparator is tripped, the fault latch is tumed on 
and the soft start capacitor begins discharging. The present 
output pulse had already been terminated by the one volt 
comparator circuity while the signal was rising to cross the 
1.20 volt level. The over- current latch insures that the PWM 
latch is held off for an extended period of time, approxi- 
mately equal to the soft start time constant. 


Once this overcurrent latch is set, a second “restart” latch 

‘is triggered which insures the proper restart of the control 
logic. First, a current sink (typically 200 uA) is tumed on by 
the restart latch output which overpowers the 9 uA charg- 
ing current source and begins discharging the soft start 
capacitor. The capacitor voltage is monitored by a restart 
comparator, looking for a decay to the threshold level of 
0.2 volts. Once this occurs, the restart comparator resets the 
overcurrent comparator which sequentially resets the restart 
latch. 


The restart latch can only be set with the right set of con- 
ditions as shown in the block diagram. First, undervoltage 
lockout must be satisfied to insure proper operation during 
initial power-up. Secondly, the overcurrent (1.2 V) com- 
parator must be triggered, indicative of a valid fault. Last, and 
most important, is that a full soft start cycle must be com- 
pleted before the restart latch can be retriggered. A fourth 
comparator insures that the soft start capacitor voltage has 
charged to a5 volt threshold. This indicates that a complete 
discharge followed by a complete charge has occurred. 
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Figure 15 - Latched Fault And Full Cycle Soft Start Protection 
Circuitry 


FULL CYCLE / CONTINUOUS FAULTS 


During a fault, many designers prefer to reduce the repe- 
tition rate at which the switch is driven rather than to con- 
tinue at the normal switching frequency. Often called 
“hiccup”, this delayed restart will significantly reduce the 
overstress and power dissipated during abnormal conditions. 
Implementation of the latched fault technology results in 
significantly lower power dissipation during a continuous fault 
or shorted output stage. Instead of delivering minimum 
duty cycle pulses at the oscillator frequency, the retry 
sequence occurs at a repetition rate approximately equal 
to the soft start period with a continuous fault. 


In the worst case, two PWM outputs can occur in a time less 
than the soft start time constant, butthis happens only once 
with a “true” fault input (>1.2 V). Forexample, assume that 
the converter is in normal operation when a fault is detected. 
The first valid fault immediately tums off the output and 
triggers the latching overcurrent circuitry. Since the soft 
start capacitor was fully charged ( above 5 volts), the “full 
soft start complete” comparator allows the overcurrent latch 
to set the restart latch. Discharge begins and continues 
until the restart complete comparator is tripped at a soft 
start capacitor voltage of 0.2 volts. The restart latch is reset, 
and the soft start capacitor begins charging. 


Note that a well defined time is required between this instant 
and the time when the first output pulse can next occur. 
The capacitor begins at 0.2 volts and the error amplifier 
output is intemally clamped to the soft start capacitor volt- 
age. Back at the PWM comparator, however, there is a 
1.25 volt offset on the ramp pin to facilitate zero duty cycle. 
Therefore, the soft start capacitor must charge from 0.2 
volts to 1.25 volts before the PWM comparator is active. 
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This provides a slight interval between the worst case of suc- 
cessive output pulses into a shorted load. From this point 
on, the soft start capacitor must fully charge up to the five 
volt threshold of the “full soft start complete” comparator. 
Once in this mode, only one PWM output per soft start 
period can be obtained into a fault as shown in figure 16. 


LEB AND FAULT DETECTION 


The leading edge blanking circuitry is interfaced to also 
blank some of the fault detection circuitry. While numer- 
Ous arrangements are possible, only one configuration 
offers a reasonable compromise between quick response 
and noise immunity. As demonstrated in figure 12, leading 
, edge blanking does inhibit the one volt, cycle-by-cycle cur- 
rent limit comparator during the programmed interval. 
However, the blanking does not disable the 1.2 volt over- 
current comparator and fault logic. This adaptation will 
accommodate a moderate amount of leading edge noise 
without having to significantly filter the current sense, and 
fault signals. Even if a moderate amount of filtering is 
required, the latched full cycle shutdown Ee mini- 
mizes the power dissipation. | 
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“Figure 16 - Full Cycle Soft Start - Operational Waveforms 
TIGHTER FAULT THRESHOLDS 


This latest generation of IC controllers utilizes a thin film 
resistor process which provides improved control of the 
tolerance. These resistors are used to generate accurate 
voltage thresholds by dividing down the IC’s reference 
voltage intemally. Both of the current limiting comparator 
‘thresholds have been tightened in the “A” and “B” versions 
- of controllers. The cycle-by-cycle current limit threshold 
range has been tightened to +/- 5% from its previous +/- 
10% specification. The new limits are 0.95V minimum, 

1.05V maximum with the center remaining at the previ- 
ous 1.0 volts. 


9-294 


U-128 


The overcurrent (fault) threshold, however, has been cen- 
tered at 1.2 volts instead of the 1.4 volt midpoint of the:non 
A,B versions. The new specifications are 1.14 volts minimum 
to 1.26 volts maximum. Applications converting to the newer 
controllers may need to adjust the current sense resistor 
value accordingly. Typical propagation delay is unchanged 
at 50 ns typical, and 80 ns maximum. | 


HIGHER GAIN-BANDWIDTH ERROR AMPLIFIER 


Many of the critical. UC3823/25 error amplifier specifica: 
tions have been improved. The characteristics which sig- 
nificantly differ are: input offset voltage - reduced from 10 to 
7 mV, unity gain bandwidth - increased from 5.5 MHz to 9 
MHz, typical slew rate - reduced from 12 to 9 V/us. Notice 
that the minimum slew rate is unchanged at 6 V/us. 


HIGH POWER OUTPUTS 


The industry need for higher switching fieguendes and 


improved efficiency has directly effected the design of the 


totem-pole output drivers. Many of the capacitive loads 


(MOSFETS) placed directly on the PWM outputs require 
high peak currents to obtain adequate switching transi- 
tions. The high speed UC3823A,B and UC3825A,B con- 
trollers feature peak current ratings of 2 amps, and are 
capable of slewing 15 volts in 35 nanoseconds into 1000pF. 
Separate collector supply (Vc) and power ground connec- 
tions (PGND) help decouple the analog circuitry from the 
high power gate drive noise. 


TYPICAL APPLICATION 


The 1.5 MHz, 50 Watt push-pull converter detailed in 


Application Note U-110 was redesigned to accept the 
UC3825"B’ device. The basic power stage remained sim- 
ilar while an emphasis was placed on control circuit improve- 
ments. These enhancements included Leading Edge 


‘Blanking of the current sense signal and Restart Delay fol- 


lowing a fault. Also, a current sense transformer was 
installed which not only reduced losses but allowed ampli- 
fication of the current sense signal to approximately 2.5 
volts, thus enhancing noise immunity. » 


Improvements to the power section of the converter include 
the use of larger MOSFETS (IRF640’s) and the addition 
of a bootstrap winding for the auxiliary bias supply. The 
startup resistor from the input supply was increased since 
the UC3825”B” device features a wide UVLO hysterisis of 
six volts. 
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Figure 17 UC3825B Controlled 1.5 MHz Push Pull Converter 
CONVERTER PERFORMANCE 


The redesigned converter exhibited similar line, load and 
transient response to the original converter, which was 
excellent due to the high conversion frequency. A significant 
improvement was made in the short circuit performance by 
comparison. While operating into a continuous short cir- 
cuited output, the UC3825"B” controlled version reduced 
the converter input power (and dissipation) to approxi- 
mately one-hundredth of the original design. Featuring the 
programmable Restart Delay circuitry, the redesigned 50 
Watt converter draws only one-quarter of a Watt (1/4 W) of 
input power with a shorted circuited output. 


UNITRODE INTEGRATED CIRCUITS 
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SUMMARY 


This new generation of UC3823A,B and UC3825A,B PWM 
controllers features a multitude of performance advan- 
tages over its predecessors. Higher precision, increased pro- 
tection and programmable new functions are just a few of 
the benefits obtainable with these enhanced versions of 
PWMs. And as the level of sophistication in todays power 
supplies increases, so too must that of its components - 
especially control ICs. Containing an expanded list of inte- 
grated features, this new era ot enhanced UC3823A,B 
and UC3825A,B controllers overcomes the challenges of 
the power supply industry for higher levels of power, pro- 
tection and performance. 


ADDITIONAL INFORMATION AND REFERENCES 


1. New Pulse Width Modulator Chip Controls 1 MHz 
Switchers; UNITRODE Application Note # U- 107 


2. 1.5 MegaHertz Current Mode IC Controlled 50 Watt 
Power Supply; UNITRODE IC Databook, Application 
Note # U-110 4 


3. “Practical Considerations in Current Mode Power 
Supplies”, UNITRODE IC Databook, Application Note 
#U-111 3 
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UC3907 LOAD SHARE IC SIMPLIFIES PARALLEL 
POWER SUPPLY DESIGN 


MARK JORDAN 
SENIOR DESIGN ENGINEER 


INTRODUCTION 


Many power supply manufacturers have found it economically feasible to make standard modular power supplies which 
are easily paralleled for higher current applications. If special provisions are not made to equally distribute the load cur- 
rent among the paralleled supplies, then one or more units will hog the load current leaving the other units essentially idle. 
This results in greater thermal stresses on specific units and a reduction in the system reliability. For example, reliability 
predictions will indicate that a component operating at 50 degrees above ambient will have one-sixth the lifetime of the 


same component operating at 25 degrees above ambient [1]. 


This paper will examine methods for load sharing presently being implemented discretely and then cover Unitrode’s 
single chip solution, the UC3907 Load Share Controller, in several parallel power a 


SYSTEM REQUIREMENTS 


The basic requirements of a power supply system con- 
sisting of a number of sources paralleled to increase the total 
load current are: . 


¢ Maintain a regulated output voltage under variations in 
line or load. 


¢ Control the output current of each supply sO they. share 
the total load current equally. 


To maximize bea A of the ee nee are the follow- 
ing features: : 


¢ Achieve redundancy, so that a failure of any one supply 
can be tolerated as long as there is sufficient current 
capacity available from the remaining power units. 

¢ Implement a load sharing method without any extemal 
control system. 


In addition, these are the following desirable features: 
* To have a common, low bandwidth share bus inter- 
connecting all power units. 
¢ Achieve good load sharing transient response. 
¢ The ability to mon the system output voltage with one 
control. 
In other words, the combination of power supplies behave 
like one large supply with equal stress on each of the units. 
Also, reliability can be optimized by taking advantage of 
load sharing to incorporate modular redundancy. 
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LOAD SHARING TECHNIQUES 


There are a number of schemes to achieve load sharing. 
Five approaches are discussed here, with an attempt made 
to investigate their application, highlighting features and 
concems. | 


THE DROOP METHOD 


The simplest method to load sharing is referred to as the 
droop method. It is an open loop technique which programs 
the output impedance of the power supplies to obtain load 
sharing. This method exhibits very poor current sharing at 
low currents and improves at higher currents, but can still 
have large current imbalances between supplies. An exam- 
ple of this method is shown in Fig 1 where as the individual 
supply current increases, the feedback voltage will decrease. 
This will allow other supplies to distnbute more current. 
The programmed output impedance is given by: 


Rout = 0.01 Rs N 


The disadvantages to the droop method are: degradation 
of load regulation, each module must be individually 
tweaked to achieve good current sharing, and difficulty in 
current sharing between parallel modules with different 
power ratings. 
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Fig 1 - The Droop method programs the output impedance of the 
power supplies to achieve load sharing. It is a simple open loop 
method, but is not accurate. 


DEDICATED MASTER 


Current mode supplies can accommodate several config- 
urations to achieve a form of load sharing. One approach 
is to select a master module to perform the voltage control 
and force the remaining modules (slaves) to act as cur- 
rent sources, as shown in Fig. 2. This technique is facilitated 
with current mode control, since the error voltage is pro- 
portional to load current. If the units were similar in design 
then a given error voltage on the output of the voltage, or 
error amplifier will force all units to Source the same load cur- 
rent. This technique achieves load sharing but does not 
achieve redundancy, since if the master fails, the entire 
system becomes disabled. Another concem with this tech- 
nique is that the high bandwidth voltage loop is being bussed 
around the system and is prone to noise pick-up. 


Error Voltage 
Proportional To 


Load Current 


Output 
Feedback 


Vref 





Fig 2 - A dedicated Master approach with current mode supplies 
will facilitate current sharing but does not achieve redundancy. 


EXTERNAL CONTROLLER 


Another method is to use an extemal controller to perform 
the load sharing. This is achieved by comparing all load 
sharing signals from the individual power units and adjust 
the corresponding feedback signal to balance the load cur- 
rents. This system does perform well but requires an addi- 
tional controller and multiple connections between the 
controller and each supply. 
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AUTOMATIC CURRENT SHARING - AVERAGE 
CURRENT METHOD 


For Automatic current sharing no extemal controller is 
required and a single share bus interconnects all the sup- 
plies. This requires an adjustment amplifier that compares 
a current signal from the share bus to the individual units cur- 
rent, and adjusts the reference of the voltage amp until 
equal load current distribution is achieved. 


The average Current method is a patented technique where 
each power module’s current monitor drives a common 
share bus via a resistor, as shown in Fig 3. The adjust 
amplifier will sense if there is a differential across the resis- 
tor, equating to a load current imbalance, and adjusts the 
reference accordingly. The node where all resistors connect 
is a representation of the average load current contribu- 
tion. While this scheme performs accurate current shar- 
ing, it can result in specific application problems. An example 
is when a supply runs into current limit, causing the share 
bus to be loaded down and the output voltage to regulate 
to the lower adjust limit. A similar failure mode will exist if the 
share bus is shorted or if any unit on the share bus is inop- 
erative. 


Voltage 
Feedback 





(+ or - Adjust) 


Fig. 3 - The average current method compares the individual 
load currents to the average load current. 


AUTOMATIC CURRENT SHARING - HIGHEST 
CURRENT METHOD 


This technique for automatic current sharing shown in Fig 
4 compares the highest current module to each individual 
current, and adjusts the reference voltage accordingly to cor- 
rect the imbalance of load current. This technique is simi- 
lar to the average current method except that the resistor 
is replaced with a diode, allowing only one unit to commu- 
nicate on the share bus. This method provides for excellent 
sharing among the slaves with an error in the master’s load 
current contribution because of the diode. 


The UC3907 Load Share Regulator has improved on this 
method by replacing the diode with a unidirectional buffer 
to reduce the master’s error. An inoperative or insufficient 
capacity supply will not effect the sharing of the operational 
units. A shorted share bus will disable the reference adjust- 
ment section used for load sharing, making the units oper- 
ate as stand alone. 
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Voltage 
Feedback 


é 
’ 


é 
7 Share Bus 





Amplifier 
(+ Adjust only) . 


Fig. 4 - The highest current method compares the individual 
load currents to that of the highest. This method has several 
advantages over the average current method of load sharing. The 


UC3907 has implemented and improved version of this technique. 


SSS Share Bus 
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USING THE UC3907 - LOAD SHARE REGULATOR IC 


A review of the current sharing technique used on the 
UC3907 and operating principles will help the reader to 
understand the application examples that follow and touse 
the IC in other examples. 


Agenenic load share system with the basic bus connections 
required to perform accurate output voltage control and 
load sharing is shown in Fig 5. The output voltage is sensed 
with a fully differential, high-impedance voltage amplifier. 
Each individual power supply current is sensed with a dif- 
ferential current amplifier, and is used for the load share por- 
tion of the circuit. The share bus signal interconnecting all 
the paralleled modules is a low-impedance, noise insenisi- 
tive line. The connection diagram is shown in FIG 6. The fol- 
lowing discussion of the voltage and current sharing loops 
should help the reader understand the operation and fea- 
tures of the IC. 


Positive Sense 
Positive Power 


= i 
= i 


po eee Power 


| NegatveSenso = Sense 


0 a 
Input py 
Line | Control 
O 


UC3907 


Verror 











Vref Range 
2.00V - 21.0V 


Fig. 6 - The UC3907 will control output voltage and equally distribute load current among the power modules. 
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THE VOLTAGE LOOP 


THE VOLTAGE AMP 


This Amplifier is the feedback control gain stage for the 
power modules output voltage regulation, and the overall 
voltage loop compensation will normally be applied around 
this amplifier. The output swing is limited to 2 Volts to improve 
the large signal response of the system. The voltage ampli- 
fier accomplishes the high impedance positive sensing, 
and the ground amp, the high impedance negative sensing. 


THE GROUND AMP 
This amplifier is a unity gain buffer with a 0.250V offset. 
The offset allows the amplifier negative headroom to retum 
all control bias and operating currents while maintaining a 
high impedance negative sense input (pin 4), where this 
input is referred to as “true” ground. The output of this ampli- 
fier is referred to as Artificial Ground. The 0.250V offset is 


n> 


From Power Supply 


UC3907 


Voltage Loop 
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added to the 1.750V bandgap reference to obtain the 2.00V 
reference , aS seen by the voltage amp, and is trimmed to 
+/-1.25%. 


The ground retum (pin 5) should be the most negative volt- 
age available and can range from zero to 5V below the 
negative sense input. All the IC’s current will retum through 
the ground retum pin. 


THE DRIVE AMP — 


This amplifier is an inverting amplifier with a gain of -2.5, 
which couples the feedback signal to the power controller. 
The Current setting resistor Rset helps to establish the for- 
ward transfer function of the control loop and the maxi- 
mum drive current. The polarity of the drive amp stage is 
such that an increasing voltage at the plus sense input (pin 
11), will increase the opto-couplers current, thereby reduc- 
ing the primary side PWM's duty cycle. This will insure 
proper startup since there is no energy on the secondary 
side during initialization of the power system. 















(3) ao Oto 100mv 
as Share Loop) 


Fig. 7 - The UC3907 Voltage Loop achieves high impedance differential sensing along with optical coupler driving capability. 





THE CURRENT LOOP 
THE CURRENT AMP AND BUFFER AMP 


The current sharing portion of the IC utilizes the current 
amp, the buffer amp, and the adjust amp as shown in Fig. 
8. The Output of the current amp is an analog representa- 
tion of individual load current, where the output voltage is 
given by: Vca=20*Rs*“lout. The current amp output feeds 
an input of a unidirectional buffer which drives the current 
share bus. Since the buffer amp only sources current, it 
insures that the module with the highest load current will be 
the master, or communicator to all other modules, and 
drives the bus through a low-impedance. All other buffer 
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amplifiers will be inactive with each exhibiting a 10K ohm 
load impedance to ground. 


THE ADJUST AMP 


The adjust amplifier will compare its own load current with 
that of the highest current module, and force a command 
to adjust the individual modules reference voltage, (as seen 
by the voltage amp) to maintain equal current sharing. It is 
a transconductance type amplifier in order that its bandwidth 
may be limited, and noise kept out of the reference adjust 
circuitry, with a simple capacitor to artificial ground. The 
ground referenced compensation will act similar to that of 
integral compensation, but without the non-inverting signal 
feedthrough problems, thereby filtering both inputs from 
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unwanted noise. The adjust amplifier has a built in 50 mil- 
livolt offset on its inverting input, which forces the unit acting 
as a master to have a low output resulting in a zero adjust 
command. While the 50mv offset represents an error in 
current sharing, the gain of the current amplifier reduces it 
to 2.5 millivolts across the sense resistor. This results in all 
slave modules sharing equally and the master module run- 
ning a few percent higher. The offset also provides some 
immunity from cycling, or fighting for master position due to 
low frequency noise. 


n> 
From Power Supply 
eS 
- RS + 
n> 
xX Y 


Current Amp 
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STATUS INDICATE 


The status indicate pin is designed to indicate which unit is 
acting as the master. Its open collector output is activated 
when the adjust amp output is in the low state. In a case of 
an overcurrent fault with one of the many paralleled units, 
this pin will indicate the unit with the highest current which 
will help diagnose the faulted module.-A zero current or 
low current fault is transparent to the other supplies’ and has 
no effect on voltage regulation and current sharing. | 


+ Sense 


+ 
ae 


Current 
Share 
Bus 


Buffer Amp 


UC3907 


Fig. 8 - Current sharing is achieved with the UC3907 by comparing the individual module’s current to that of the highest current 
module. The necessary adjust command increases the voltage amp reference to accomplish equal load sharing. 





START-UP FOR A PARALLEL POWER SYSTEM 


Start-up conditions need to be considered in a parallel 
power supply architecture. A start-up timing example of 
four SV power modules in parallel is shown in Fig. 9. Once 
the primary power is applied, the power stage will be request- 
ing maximum duty cycle until the individual units feed back 
a signal to regulate the output voltage. At time t1, supply #1 
has become the master due to its higher reference volt- 
age. This forces the output voltage to regulate above the 
other units. The other units will feedback a zero duty cycle 
signal to the power stage and remain idle. At this point the 
master unit is supplying all the supply current, and out- 
putting the corresponding current signal on the share bus. 
The other units’ adjust amplifiers sense the difference 
between their individual load currents and the master’s, 
and start to slew up the adjust amp output to increase their 
references. At the same time the master’s adjust amplifier 
output remains clamped below the adjust threshold having 
no effect on its original reference. At time t2 the other three 
adjust amps have exceeded the adjust threshold and have 
Started to effect the reference as seen by the voltage amp. 


At time t3 the unit with the closest reference to the master, 


_ supply #2, has reached the point where its references is 


essentially equal to the master’s and the load current 
becomes equally distributed between the two. The other two 
modules, #3 and #4, are still adjusting their references and 
are not yet contributing to the load current. At time t4 the 3rd 
unit has reached the desired reference and the load current 
has been equally split between the three, and at time t5 
the final unit has completed its reference adjustment, thereby 
completing the load sharing. If it is necessary to have the 
units come up sharing, then a soft-start scheme will need 
to be implemented on the primary side modulator which 
needs to be much slower than the adjust time. The total 
adjust time from t1 to t5 for this example is given by: 


Cl Va: 
| 





where Cl = adjust amp compensaian oa 
Va = adjust amp swing. 
| = Adjust amp max current - 220ua : 
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Cl is chosen from the desired bandwidth 


gm 


Cl= - 
OnF 





where typ gm = 3mS and F = Adjust amp bandwidth. 


lf the required adjust amp bandwidth were 500 Hz, then Cl 
will be 1uF. The adjust amp output for the lowest reference 
will adjust to a voltage calculated as follows: 


Vadj = (VREF may - VREF min) 17-5 + 1 
= (30mv 17.5) + 1 = 1.53 


The adjust amp must slew from approximately 0.7V to 
1.53V at aslew rate of 220mV/ms which equates to a com- 
plete sharing delay time of 3.8 ms. 


THE VOLTAGE AND SHARE LOOP DESIGN 


A load sharing system is composed of two loops, the volt- 
age loop and the current share loop. As in conventional 
designs, the voltage loop regulates the output voltage and 
is the faster responding loop. The current sharing loop is a 
lower bandwidth loop to eliminate noise pick-up on the 
share line, and should be low enough in bandwidth to elim- 
inate interactions with the voltage loop. 


c2 


C3. ORB 
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Ri 


RB 
Voltage 


Amplifier 
Drive Amplifier 
Range = UC3907 
2.00V to 2.10V 
100mV 
C7 
17.5 
2.00V Adjust 
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Load 
Currents 


OA 

2.010V 

Adjust 2.000V 

Amp _‘1.990V 
Out 1.980V 

UC1907 iS 


OV 


1.53V 
1.35V 
1.175V 
Adjust 
Threshold 
.70V 


Adjust 
Amp 
Out 1V 
UC1907 





Fig. 9 - Start-up timing of a four module power system using the 
UC3907 (without soft-start). 


Acomplete loop diagram is shown in Fig. 10. The voltage 
amp transfer function is designed to optimize the voltage loop 
response, which is determined by the modulator topology, 
filters, and other gain functions in the loop. We will work 
through each gain block for a flyback converter example 
using the UC3907, and from this the user should be able to 
expand the design to any topology. 


Vee +V 
Primary Secondary 


ee to ory 





t 
eee MODULATOR 
' 
‘ 
Vsense 20X : lout Vout 
Gi Current —| Rsense 
Amplifier : 
' 
' 


Oe eee 


Vsense (max) 


Fig. 10 - The UC3907 can be easily implemented to perform voltage control, and optical coupler drive for isolated applications. 
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Compensated as shown, the voltage amp response is 
given by: 


GF = eaters aes Pole = Origin 
2nR4 (C4 + Co) 


UGF = Unity Gain Frequency. 


Pole 2 = oe Pole 3 = L 
2nRy Ca C1Co 
. on m™Ro|—_—__— 
(C1 +Co, +Co 
1 
Zero1= ————_- 1 
2nRoC4 2n(Ry + R3)C3 


The drive amp will convert the output of the voltage amp to 
an error current to be applied to the opto coupler. The cur- 
rent is given by: 


(1.25 - Ve)2.5 + 1.25 


opto = ” Rset 


where Ve = output of the Geiiage amp - error r voltage 
and the small ide gain is: 


lopto 


Ve 


25 
Rset 





The control voltage for the UC3844 pulse width modulator 
iS given by: 


Rg 
= (2.5 - Topto CTR Re) (=) + 2.5 


where CTR is the current transfer ratio of the opto coupler. 
and the small signal gain is given by: 


Ve R 
=-CTRRg { —8— 





therefore the UC3907 error voltage to PWM control voltage 


gain is given by: 


fe R 2.5 
— =CTRR,g|—% |] (——-—_ 
Ve Re +R7/\ Reet 
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The CTR spread can vary from 0.4 to 2 on a given device 
type, but many manufacturers can sort them out to a +/- 30% 
tolerance. The CTR is also a function of the driving cur- 
rent and therefore introduces a non-linearity in the feed- 
back gain. 


The control to output gain of the modulator for various 
topologies is referenced in the Unitrode power supply design 
seminar book. For example, the control to output gain for 
the discontinuous flyback with current mode control is: 


aa, 3 


S 
1+ — 
wp 
1 1 
Where wz = ————— WO = eS 
Rc C RoC 


Re = esr of C’s in parallel 

Ro= Load resistance _ 
C= Total output Capacitance 

L= Primary inductance | 

F= Switching frequency — 


The total voltage loop gain is given by: 


where A(s) is the voltage amp transfer function 


To bandwidth limit the share loop, the adjust amplifier is 
compensated where the unity gain frequency of the adjust 
amp is given by : 
gm 
2nC, 


where typical gm = 3mS. 


AN OFF-LINE LOAD SHARE APPLICATION 


An off-line power supply application utilizing the UC3907 
Load Share Controller is shown in Fig. 11 for a flyback reg- 
ulator. The UC3844 is the modulator and its switching fre- 
quency is determined by Fs = 1.72/(Rt Ct). The resistor 
R5 will sense the primary inductor current, where the max- 
imum peak current for the UC3844 is given by ISmax= 
1.0V/R5. Startup is achieved with R1 and C5 until boot- 
strap winding W2 can feedback to power the UC3844. The 
snubber network D3, C4, and R2 prevents tum-off voltage 
spikes from exceeding the FET breakdown voltage. The pri- 
™ary soft-start circuit is comprised of Q1, R9 and C10. 
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Note that the resistor Rset and adjust compensation is con- 
nected to artificial ground (pin 6). Artificial ground is a replica 
of the “true” ground voltage on pin 4, negative sense, plus 
a 0.250V level shift. This allows alow impedance point for 
ground referenced elements to connect. 
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A master indicator lamp is included in the design so that the 
unit supplying the most load current and determining the 
output regulating voltage can be detected. There are many 
useful applications for this pin as in supply voltage margin- 
ing or determination of a faulted supply which is supplying 
an excess voltage/current. 





Fig. 11 - The UC3907 in an off-line isolated application. 





NON-ISOLATED CONVERTER APPLICATIONS 


There are applications were non-isolated DC to DC con- 
verters are paralleled to make a power system. Fig. 12 
shows a step down, or buck, regulator utilizing the UC3524A 
voltage mode PWM and the UC3907 Load share IC. For 
non-isolated parallel power supply applications the current 
sensing must be done on the high side. The reason for this 
is that if the sensing was performed on the low side where 
the power supply inputs and outputs are common, then all 
the current sense resistors will end up in parallel, defeating 
the individual sensing and load sharing. The only limita- 
tion to high side current sensing in a non-isolated applica- 
tion is that the current amplifier of the UC3907 has a 
common mode range of OV to Vin -2V, therefore a form of 
level shifting or average current sensing would be required. 
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Since the opto-coupler is not required, an inversion has 
been eliminated which the driving scheme must accom- 
modate for. The Iset voltage is a gained up inverted error volt- 
age from the UC3907 voltage amp. The UC3524A error 
amp is set up as an inverter and cancels out the drive amp 
inversion leaving the error voltage of the UC3907 to be 
transposed to the UC3524<A in proper phase. The iset volt- 
age will swing from Ov to 3.8V min. Current limiting is 
achieved by taking the current amp output signal from the 
UC3907 and feeding it in to the UC3524A current limit 
amplifier, where the current limit is given by: 


R42 


R44 +Ryo 
Icl = 
20 Rsense 
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Fig. 12 - The UC3907 in a non-isolated DC to DC converter application. 


LINEAR REGULATOR EXAMPLE 





A simple linear regulator with load sharing using the UC3907 ae «Ry 
IC anda few extemal components is shown in Fig. 13. The VBEq3 {i+ 
phasing of the opto drive pin facilitates darlington drive, R42 
and supply current limiting is achieved by Q3, C1, R11, Icl = 

and R12 with the current limit given by: 20 Rsense 






To 
Other 
Modules 


Fig. 13 - With a few external components the UC3907 can make a simple linear regulator with load sharing. 
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EXTERNAL LOAD SHARING force equal current sharing. The maximum adjust voltage 
is given by: 
The UC3907 can be easily incorporated outside the power : : 
module to achieve load sharing, as shown in Fig 14. The 
load sharing loop is similar to previous examples, but instead Ry 
of adjusting the intemal reference of the UC3907, this tech- Vad|max = 1.75 aa 
nique adjusts the (+) sense line of the power module to Ro 


LOAD SHARING CAN BE EXTERNALLY ADDED TO EXISTING POWER MODULES 





(Current Share Bus 
to other Modules) 


Fig. 14 - The power supplies remote sense inputs are used to facilitate load sharing. 
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DEDICATED ICs SIMPLIFY BRUSHLESS DC SERVO AMPLIFIER DESIGN 


John A. O’Connor 


INTRODUCTION 


Brushless DC motors have gained considerable commercial success in high end four quadrant servo systems, as 
well as in less demanding, one and two quadrant requirements. Cost sensitive four quadrant applications thus far 
have not fared as well. Designs which meet cost goals often suffer from poor linearity, and cumbersome protection 
circuits to assure reliable operation in all four quadrants. Better performance entails more complex circuitry and the 
resulting additional components quickly increase size and cost. Part of the design challenge results from the lack of 
control ICs tailored to four quadrant applications. The other major obstacle has been implementing a reliable and cost 
effective high-side switch drive. With recently introduced integrated circuits in both areas, it is now possible to design 
a rugged, low cost, four quadrant brushless DC servo amplifier with relatively low component count and cost. 


SERVO AMPLIFIER REQUIREMENTS 


First, let's quickly review general servo amplifier require- 
ments. Figure 1 displays motor speed versus torque, 
depicting four possible modes of operation. While a 
system may be considered four quadrant by simply 
having the ability to operate reliably in all four modes, a 
servo system generally requires controlled operation in 


VELOCITY 
CW 


TORQUE 
ccw aw 





CCW 


Figure 1 - Four Quadrants of Operation 


all four modes. In addition, a smooth, linear transition 
between quadrants is essential for high accuracy posi- 
tion and velocity control. The major performance differ- 
ences between brushless DC servo amplifiers are 


related to accuracy, bandwidth, and quadrant transition 
linearity. 


Most simple brushless DC amplifiers provide two quad- 
rant control, since even the simplest output stages 
(typically 3 phase bridge) allow rotation reversal. Note 
that this is operation in quadrants one and three where 
torque and rotation are in the same direction. This differs 
from brush motor terminology where two quadrant con- 
trol normally implies unidirectional rotation with torque 
control in either direction. Although limited to a single 
rotation direction, bidirectional torque allows servo ve- 
locity. control, with. rapid, controlled acceleration and 
deceleration. These characteristics are well suited to 
numerous applications such as spindle and conveyer 
drives. With the two quadrant brushless DC amplifier, 
there are no provisions other than friction to decelerate 
the load, limiting the system to less demanding applica- 
tions. Attempting to operate in quadrants two and four will 
result in extremely nonlinear behavior, and under many 
circumstances, severe damage to the output stage will 
follow. This occurs because the two quadrant brushless 
DC amplifier is unable to completely control current 
during torque reversal. 


TWO QUADRANT VERSUS FOUR QUADRANT 
CONTROL 


Figure 2 shows a three phase bridge output stage for 
driving a brushless DC motor. Current flow is shown for 
two quadrant control when operation is in quadrants one 
or three. The switches commutate based on the motor’s 
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rotor position, typically using Hall effect sensors for 
position feedback. Current is controlled by pulse width 
modulating (PWM) the lower switches. Figure 3 shows 
current flow if the direction of torque were reversed. The 
upper switch essentially shorts the motor’s back EMF 
(BEMF), causing current to quickly decay and reverse 
direction. The current then rises to a value limited only by 
the motor and drive impedance, yet is undetected by 
supply or ground sense resistors. As the motor speed 
rises, its BEMF proportionally increases, quickly escalat- 
ing the potential circulating current. Even if the output 
stage is built rugged enough to withstand this abuse, the 
high uncontrolled current causes high uncontrolled torque, 





CURRENT | making this technique unsuitable for most servo control 
SENSE L applications. 
Figure 2 - Two Quadrant Chopping By pulse width modulating the upper switches along with 


the lower switches, uncontrolled circulating currents are 
avoided. With both upper and lower switches off during 
during the PWM offtime, motor current will always decay 
as shown in figure 4. Additionally, motor current always 
flows through the ground sense resistor, allowing easy 
detection for feedback. The remainder of this article will 
feature this mode of control, as it is well suited for a 
variety of demanding requirements. It should be noted 
however, that a penalty in the form of reduced efficiency 
must be paid for the improvement in control characteris- 
tics. With two switches operating at the PWM frequency, 
as opposed to one with two quadrant control, switching 
losses are nearly doubled. Ripple current is also in- 
creased which results in greater motor core loss. Al- 
though this is a small price to pay under most circum- 
stances, extremely demanding applications may require 
switching between two and four quadrant operation for 
optimum efficiency and control. 


BEMF - Voigpg - Vsat 
asa ieee | 


FOUR QUADRANT CONTROLLER 
REQUIREMENTS 


In addition to switching both upper and lower transistors, 
a few supplementary functions are required from the 

_ control circuit for reliable four quadrant operation. With 
two quadrant switching, there is inherent dead time 
between conduction of opposing upper and lower 
switches, making cross conduction virtually impossible. 
Four quadrant control immediately reverses the state of 
opposing switches at torque reversal, thus requiring a 
delay between turning the conducting device off and the 
opposing device on to avoid simultaneous conduction 
and possible output stage damage. 





When torque is reversed, energy stored in the rotating 
load is transferred back to the power supply, quickly 
charging the bus storage capacitor. A clamp circuit is 





Figure 4 - Four Quadrant Reversal 
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typically used to dissipate the energy and limit the 
maximum bus voltage. As a second line of defense, an 
over-voltage comparator is often employed to disable 
the output if the bus voltage exceeds the clamp voltage 


by more than a few volts. 


quan set [22}— - 
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Figure 5 - UC3625 Block Diagram 


U0. 
CURRENT LOOP CONTROL TECHNIQUE 


A transconductance amplifier is normally used for 
brushless DC servo applications, providing direct control 
of motor torque. Average current feedback is usually 
employed rather than the more familiar peak current 
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control for several reasons. Peak current control is 
subject to subharmonic oscillation at the switching fre- 
quency for duty cycles above 50%. This condition is 
easily circumvented in power supply applications by 
summing an appropriately scaled ramp signal derived 
from the PWM oscillator with the current sense signal. 
This technique is commonly refered to as slope compen- 
sation. It can also be shown [3] that for a given inductor 
current decay rate, which is esentially fixed in a power 
supply application, there is an optimal compensation 
level which will produce an output current independant of 
duty cycle. Unfortunately, the inductor current decay rate 
in a four quadrant motor control system varies with both 
speed and supply voltage, making an optimal slope 
compensation circuit fairly complex. Simpler circuits 
which provide over compensation assure stability but will 
degrade accuracy. Furthermore, severe gain degrada- 
tion occurs when inductor current becomes discontinu- 
ous regardless of slope compensation, causing large 
nonlinearity at light load. This effect can be particularly 
troublesome for a position control servo. Average cur- 
rent feedback avoids these problems, and is therefore 
the prefered current control technique for servo 
applications. 


UC3625 BRUSHLESS DC CONTROLLER 


Figure 5 shows the UC3625 block diagram. Designed 
specifically for four quadrant operation, it minimizes the 
external circuitry required to implement a brushless DC 
servo amplifier. Flexible architecture and supplementary 
features make the UC3625 well suited to less demand- 
ing applications as well. The UC3625 is described in 
detail in references [4] and [7], however a few features 
critical for reliable four quadrant operation should be 
noted. 


Cross conduction protection latches eliminate the possi- 
bility of simultaneous conduction of upper and lower 
switches due to driver and switch turn-off delays. Addi- 
tional analog delay circuits normally associated with this 
function are eliminated allowing direct switch interface 
and reduced component count. An absolute value buffer 
following the current sense amplifier provides an aver- 
age winding current signal suitable for feedback as well 
as protection. An over-voltage comparator disables the 
outputs if the bus voltage becomes excessive. 


Although not absolutely necessary for four quadrant 
systems, a few additional features enhance two quad- 
rant operation and simplify implementation of switched 
two / four quadrant control for optimized systems. A 
direction latch with analog speed input prevents reversal 
until an acceptably low speed is reached, preventing 
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output stage damage. Two or four quadrant switching 
can be selected during operation with the Quad Select 
input. A brake input provides current limited dynamic 
braking, suitable for applications which require rapid 
deceleration, but do not need tight servo control. 


A SIMPLE BRUSHLESS DC SERVO AMPLIFIER 


To demonstrate the relative simplicity with which a 
brushless DC servo amplifier can be implemented, a 6 
amp, off-line 115 VAC amplifier was designed and 
constructed. Note that current and voltage rather than 
horsepower are specified. Although theoretically ca- 
pable of in excess of one horsepower, simultaneous high 
speed and torque are typically not required in servo 
applications, reducing the actual output power, and the 
corresponding power supply requirement. Average cur- 
rent feedback is employed, providing good bandwidth 
and power supply rejection, thus making the amplifier 

suitable for many demanding requirements. A compels 
amplifier schematic | is shown in figure 6. 


A high performance brushless servo motor from MFM 
Technology, Inc. was used to evaluate the amplifier. 
While most of the design is independent of motor param- 
eters, several functions should be optimized for a par- 
ticular motor and operating conditions. The motor used 
has the following electrical specifications: 


Model M - 17 


K, 79 oz.in./Amp 
1.3 ohms 

- 5.5 MH 

Poles 18 


OUTPUT STAGE DESIGN 


Having selected a four quadrant control strategy, we 
proceed to the output stage design, and work back to the 
controller. High voltage MOSFETs are well suited to this 
power level, however IGBTs may also be incorporated. 
MOSFETs were selected to minimize size and complex- 
ity, since the body diodes can be used for the flyback 
rectifiers. Unfortunately, this places greater demands.on 
the MOSFET, and increases the device dissipation. The 
MOSFETs body diode is typically slower and stores 
more charge than a discrete high speed rectifier, which 
necessitates a slower turn-on and a corresponding in- 
crease in switching losses. These losses are partially 
offset.by choosing a MOSFET with sufficiently low con- 
duction losses which offers the secondary benefits of 
greater peak current capability and reduced thermal 
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Figure 7 - UC3724/UC3725 Isolated MOSFET Driver 


resistance. APT4030BN MOSFETs were selected for 
the output stage to handle the 6 amp load currents while 
providing good supply voltage transient immunity. Rated 
at 400 volts and 0.30 ohms, they allow high efficiency 
operation and have sufficient breakdown voltage for 
reliable off-line operation. 


While the lower three FETs require simple ground refer- 
enced drive, and are easily driven directly from the 
UC3625, the design of the drive circuit for the upper three 
FETs has traditionally been challenging. Discrete imple- 
mentation of the required power supply and signal trans- 
mission is often bulky and expensive. In an effort to 
reduce size and cost, critical functions are often omitted, 
opening the door to potential reliability problems. Specifi- 
cally designed for high-side MOSFET drive in motor 
control systems, the UC3724 / UC3725 IC pair shown in 
figure 7, offers a compact, low cost solution. A high 
frequency carrier transmits both power and signal across 
a single pulse transformer, eliminating separate DC/DC 
converters, charge pump circuits, and opto-couplers. 
Signal and power transmission function down to DC, 
imposing no duty cycle or on-time limitations typical of 
commonly used charge pump techniques. Under-volt- 
age lockout, gate voltage clamp, and over current protec- 
tion assure reliable operation. 


Design of the upper driver is a straight forward proce- 
dure, and is described in detail in reference [5]. 

For this application, the driver is designed with the 
following specifications: | 
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500 V minimum isolation 
300 KHz carrier frequency 
10 Amp over-current fault 
10 ms over-current off time 


The pulse transformer uses a 1/2 inch O.D. toroid core 
(Philips 204T250-3E2A) with a 15 turn primary and 17 
turn secondary. For high voltage isolation, Teflon insu- 
lated wire is used for both primary and secondary. 


To provide rapid turn-off for minimal switching losses, 
with slower turn-on for di/dt control, a resistor/resistor- 
diode network is used in place of a single gate resistor. 
Although present generation MOSFETs can reliably 
commutate current from an opposing FETs body diode 
at high di/dt, the resulting high peak current and diode 
snap limit practical circuits to amore moderate rate. This 
increases dissipation, but significantly eases RFI filtering 
and shielding, as well as relaxing layout constraints. 
Additionally, a low impedance is maintained in the off 
state while turn-on dv/dt is decreased, dramatically re- 
ducing the tendency for dv/dt induced turn on. The same 
gate networkis used for both upper and lower MOSFETs. 


A sense resistor in series with the bridge ground return 
provides a current signal for both feedback and current 
limiting. This resistor, as well as the upper driver current 
sense resistors should be non-inductive to minimize 
ringing from high di/dt. Any inductance in the power 
circuit represents potential problems in the form of addi- 
tional voltage stress and ringing, as well as increasing 
switching times. While impossible to eliminate, careful 
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layout and bypassing will minimize these effects. The 
output stage should be as compact as heat sinking will 
allow, with wide, shorttraces carrying all pulsed currents. 
Each half-bridge should be separately bypassed with a 
low ESR/ESL capacitor, decoupling it from the rest of the 
circuit. Some layouts will allow the input filter capacitor to 
be split into three smaller values, and serve double outy 
as the half-bridge bypass capacitors. 


CONTROLLER SETUP 


The UC3625 switching frequency is programmed with a 


timing resistor and capacitor. Unless the motor’s induc- 
tance is particularly low, 20 kHz will provide acceptable 
ripple current and switching losses while minimizing 
audible noise. — 


(1) F=2/ RogeCoce 


The relatively small oscillator signal amplitude requires 
careful timing capacitor interconnect for maximum fre- 
quency stability. Circuit board traces should to be as 
short as possible, directly connecting the capacitor be- 
tween pins 25 and 15, with no other circuits sharing the 
board trace to pin 15 (ground). 


When tight oscillator stability is required, or multiple 
systems must be synchronized to a master clock, the 
circuit shown in figure 8 can be used. As shown, the 
circuit buffers, and then differentiates the falling edge of 
the master oscillator. The last stage provides the neces- 
sary current gain to drive the 47 ohm resistor in series 
with the timing capacitor. If the master clock is from a 
digital source, the first two stages are omitted, and the 
clock signal is interfaced directly to the final stage through 
a restive divider as shown. The slaves are programmed 
to oscillate at a lower frequency than the master. The 
pulse injected across the 47 ohm resistor causes the 
oscillator to terminate its cycle prematurely, and thus 
synchronize to the master clock. 


-2N3904 1k 
OSCILLATOR | 
1000pF 
(PIN25) . aon 
amg 





Cy PERIOD 
1k$ ss 8 1.3 « MASTER PERIOD 


‘CLOCK i Slama: 


Figure 8 - External Synchronization Circuit 








RapJ << Re 
LOW VALUE DIVIDER 


Figure 9 - Balance Impedance Current Sense Inout Circuits 


The RC-Brake pin serves two functions: Brake com- 
mand input (not used in this design), and tachometer / 
digital commutation filter one-shot programming. When- 
ever the commutation state changes, the one-shot is 
triggered, outputting a tach pulse and inhibiting another 
commutation state change until the one-shot terminates. 
The one-shot pulse width is programmed for approxi- 
mately 1/2 the shortest commutation period. 


(2) Try = 0.70 RC, 


where the shortest commutation 
period = 20 / (RPM,,..Noo 5) 


CURRENT SENSING AND FEEDBACK 


For optimum current sense amplifier performance, the 
input impedance must be balanced. Low value resistors 
(100 to 500 ohm) are used to minimize bias current errors 
and noise sensitivity. Additionally, if the sense voltage 
mustbe trimmed, alow value input divider or adifferential 
divider should be used to maintain impedance matching, 
as shown in figure 9. 


An average current feedback loop is implemented by the 
circuit shown in figure 10. With four quadrant chopping, 
motor current always flows through the sense resistor. 
When PWM is off however, the flyback diodes conduct, 


9-312 


APPLICATION NOTE 


10k 


poem eweceeeneeneznenwznececuannewnevne 


UC3625 





Figure 10 - Average Current Feedback Circuit Configuration 


causing the currentto reverse polarity through the sense 
resistor. The absolute value amplifier cancels the current 
polarity reversal by inverting the negative current sense 
signal during the flyback period. The output of the 
absolute value amplifier therefore is a reconstructed 
analog of the motor current, suitable for protection as well 
as feedback loop closure. 


When the current sense output is used to drive a sum- 
ming resistor as in this application example, the current 
sense output impedance adds to the summing resistor 
value. The internal output resistor and the amplifier 
output impedance can both significantly effect current 
sense accuracy if the external resistance is too low. 
Although not specified, the total output impedance is 
typically 430 ohms at 25 degrees C. Over the military 
temperature range of -55 to +125 degrees C, the imped- 
ance ranges from approximately 350 to 600 ohms. An 
external 2 k resistor will result in an actual 2.43 k sum- 
ming resistance with reasonable tolerance. A higher 
value external resistor and trim pot will be required if high 
closed current loop accuracy is required. 


The current sense output offset voltage is derived from 
the +5 V reference voltage. By developing the command 
offset from the +5 V reference, current sense drift over 
temperature is minimized. The offset divider must be 
trimmed initially to accommodate the current sense 
amplifier offset tolerance. 


POWER SUPPLY AND BUS CLAMP 


Input power is filtered to reduce conducted EMI, and 
transient protected using MOVs. Power-up currentsurge 


U-130 
is suppressed using a NTC thermistor, while a bridge 
rectifier and capacitive filter complete the high voltage 
supply. A small 60 Hz. transformer supplies 15 Volts 
through a three pin regulator to power the control and 
drive circuits. 


A bus clamp is easily designed around a UC3725 
MOSFET driver, as shown in figure 11. As in the high- 
side switch drive, the UC3725 assures reliable opera- 
tion, particularly during power-up and power-down. The 
divider current is set to 1 mA at the threshold, which is 
a reasonable compromise between input bias current 
error and dissipation. An additional tap programs the 
over-voltage coast a few volts above the bus clamp, 
saving a resistor and some dissipation while reducing 
the tolerance between the bus clamp and the over- 
voltage coast. Setting the bus clamp discharge current 
equivalent to the maximum motor current will assure 
effective clamping under all conditions. The load resistor 
value is therefore: 


(3) R, 2 Vetamp 
lax 

The load resistor dissipation is dependanton the energy 

removed from the load inertia, and the frequency with 

which the energy is removed. 


(4) Pony = 1/2 fd ( w,? - w,”) 


where J = inertia in Nm sec? 
Ww, = initial velocity in rad/sec 
G,» = final velocity in rad/sec 


Note that if the deceleration time approaches the load 
resistor’s thermal time constant, a higher power resistor 
will be required to maintain reliability. 


CURRENT LOOP OPTIMIZATION 


The block diagram of the current control loop is shown 
in figure 12. The current sense input filter has minimal 
affect on the loop and can be ignored, since the filter pole 
must be much higher than the system bandwidth to 
maintain waveform integrity for over-current protection. 
The current sense resistor R,, is chosen to establish the 
peak current limit threshold, which ts typically set 20% 
higher than the maximum current command level to 
provide over-current protection during abnormal condi- 
tions. Under normal circumstances with a properly 
compensated current loop, peak current limit will not be 
exercised. The input divider network provides both 
offset adjustment and attenuation, with R,, selected to 
accomodate the current command signal range. 
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Figure 11 - Power Supply and Bus Clamp 


All PWM circuits are prone to subharmonic oscillation if 
the modulation comparator’s two input waveform slopes 
are inappropriately related. This behavior is most com- 
mon in peak current feedback schemes, where slope 
compensation is typically required to achieve stability. 
Average current feedback systems will exhibit similar 
behavior if the current amplifier gain is excessively high 
at the switching frequency. As described by Dixon [2] to 
avoid subharmonic oscillation for a single pole system: 
The amplified inductor current downslope at one input of 
the PWM comparator must not exceed the oscillator 
ramp slope at the other comparator input. This criterion 
sets the maximum current amplifier gain at the switching 
frequency, and indirectly establishes the maximum cur- 
rent loop gain crossover frequency. 


A voltage proportional to. motor current, which is the 
inductor current, is generated by the current sense 
resistor and the current sense amplifier circuitry internal 
to the UC3625. This waveform is amplified and inverted 
by the current amplifier and applied to the PWM com- 
parator input. Due to the signal inversion, the motor 
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Figure 12 - Current Loop Block Diagram — 
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Figure 13 - Open Loop Gain and Phase Versus Frequency 


current downslope appears as an upslope as shown in 
figure 12. To avoid subharmonic oscillation, the current 
amplifier output slope must not exceed the oscillator 
ramp slope. A motor control system typically operates 
over a wide range of output voltages, and is usually 
powered from an unregulated supply. The operating 
conditions which cause the greatest motor current 
downslope must be determinedin order to determine the 
maximum current amplifier gain which will maintain 
Stability. When four quadrant chopping is used, the 
inductor discharge rate is described by: | 


V V 
Motor Current Downslope = ie M 


The greatest discharge slope therefore occurs when the 
supply and BEMF voltages are maximum. 


The oscillator ramp slope is simply: 


Vs =Vs fs 


Oscillator Ramp Slope = = 
cS) 
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Where: V, is the oscillator ramp peak to peak voltage 
(1.2V_ for the UC3625) 
T, is the switching period 
f, is the switching frequency 


The maximum current amplifier gain at the switching 
frequency is determined by setting the amplified inductor 
current downslope equal to the oscillator ramp slope. 


V V 
st ReGen = Vof S 


Won Veh shy 7 


* max G., = ——* = 
(5) os AV as Ro(Vog + Vay) 


The maximum BEMF and supply voltage for the design 

example are 87 and 175 Volts respectively, which trans- 
lates to a motor speed of 1500 RPM, and a high-line 

supply voltage of 125 Volts AC. Using equation (5) with 

an oscillator voltage of 1.2 volts peak to peak at a 
frequency of 20 kHz, the maximum value for G,, is 20.2, 

or26 dB. The currentsense amplifier’s gain of two is also 

part of G,,. With R, equal to 2.43 k, 20 kis selected for R, 

to allow for tolerances, resulting inan actual G,, of 16.5, 

or 24 dB. , 


The small-signal control to output gain of the currentloop 
power section is described by: | 


AV 
(6) —_RS_ = 


Re2Vog 
V,SL,, 


Note that the factor of two in the numerator is a result of 
four quadrant chopping which only utilizes one-half of 
the modulator’s input range for a given quadrant of 
operation. 


The overall open loop gain of the current loop is the 
product of the actual current amplifier gain and the 
control to output gain of the power circuit. The resultis set 
equal to one to solve for the loop gain crossover 
frequency, f,: | 





R.2V ag 

Veal 
G,.,R.V 

(8) ee CA’ 'S~ PS 
- Vom, 
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At high line, where the supply is 175. Volts DC, f, is 3.5 
kHz. The crossover frequency drops to 2.8 kHz at low 
line, where the supply is approximately 140 Volts DC. If 
greater bandwidth is required, the current amplifier gain 
must be increased, requiring a corresponding increase 
in switching frequency to satisfy equation (5). — 


Up to this point the motor’s resistance (R,,) has been 
ignored. This is valid since L, predominates at the 
switching frequency. The motor's electrical time con- 
stant L,/R,,, creates a pole, which is compensated for by 
placing zero R,C,,, at the same frequency. Additionally, 
pole R.C,,C,, (C,,+C,,) is placed at f, to reduce sensi- 
tivity to noise spikes generated during switching transi- 
tions. The filter pole at f, also reduces the amplitude and 
slope of the amplified inductor current waveform, possi- 
bly suggesting that the current amplifier gain could be 
increased beyond the maximum value from equation (5). 
Experimentally increasing G,, may incur subharmonic 
oscillation however, since equation (5) is only valid for a 
system with a single pole response at f,. For the design 
example, standard values are chosen for C., and C,.,, of 
0.22 uF and 390 pF respectively, placing the zero at 36 
Hz, and the pole at 20 kHz. Figure 13 shows en loop 
gain and phase verses frequency. 


At very lightloads, the motor current will become discon- 
tinuous - motor current reaches zero before the switching 
period ends. At this mode boundary, the power stage 
gain suddenly decreases, and the single pole character- 
istic of continuous mode operation with its 90 degree 
phase lag disappears. The current loop becomes more 
stable, but much less responsive. Fortunately, the high 
gain of current amplifier is sufficient to maintain accept- 
able closed current loop gain and phase characteristics 
at typical outer velocity and/or position loop crossover 
frequencies. 


When the current loopi is closed, the output voltage ofthe 
current sense amplifier (2V,..) is equal to the current 
programming voltage (V,.,) at frequencies below the 
crossover frequency. The Closed current loop 
transconductance is simply: 


At the open loop crossover frequency, the 
transconductance rolls off and assumes a single pole 
characteristic. The input divider network attenuates the 
current command signal to provide compatibility with 
typical servo controller output voltages, and decreases 
the closed loop transconductance by the ratio of 
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Reg AR.gt+R,,): For the design example, the overall 
amplifier ttansconductance is 1.25 amps/volt, allowing 
full scale current (6 amps) witha 9 volt input command. 


BIPOLAR TO SIGN/MAGNITUDE CONVERSION 


The servo amplifier as shown in figure 6 requires a 
separate sign and magnitude input command. This is 
convenient for many microcontroller based systems 
which solely utilize digital signal processing for servo 
loop compensation. Analog compensation circuits how- 
ever, usually output a bipolar signal and require conver- 
sion to sign/magnitude format to work with this amplifier. 
The circuit shown in figure 14 employs a differential 
amplifier for level shifting and ground noise rejection, and 
an absolute value circuit with polarity detection for con- 
version to sign/magnitude format. The current command 
signal is slightly attenuated and level shifted up 5 volts to 
allow single supply operation. The input divider circuit 
has been slightly modified from figure 9 to restore gain 
and provide a suitable offset adjustment range. Preci- 
sion resistors (1%) should be used for both the differen- 
tial amplifier and the absolute value circuit to minimize 
DC offset errors. Figure 15 shows approximately 2 Amp 
peak motor current with a 500 Hz sinwave command. 
Motor current follows the input command with minimal 
phaselag, howeversome crossover distortion is present. 
This is not crossover distortion in the traditional sense, 
rather it is simply a fixed off-time caused by the cross 
conduction protection circuitry. Since this. distortion is 
current amplitude independent, and decreases with fre- 
quency, its effect on overall servo loop performance | is 
minimal. 'h me 
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Figure 14 - Bipolar to Sign/Magnitude 
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Figure 15 - 500Hz Sine Wave Command and Output Currents 


DIRECT DUTY CYCLE CONTROL 


There are many less demanding brushless DC servo 
applications which do not need a transconductance 
amplifier function yet require controlled operation in all 
four quadrants. For these systems, direct duty cycle 
control, also known as voltage mode control is often 
employed. Note that this is not voltage feedback, which 
requires additional demodulation circuitry to develop a 
feedback signal. With direct duty cycle control the ampli- 
fier simply provides open loop voltage gain. This tech- 
nique is particularly advantageous when amicrocontroller 
is used for servo loop compensation. By outputting a 
PWM signal directly, a digital to analog conversion is 
eliminated along with the analog pulse width modulator. 
While the simplicity of this technique is appealing, there 
are two major problems which must be addressed. The 
first and less severe problem is the complete lack of 
power supply rejection. Good supply filtering will often 
reduce transients to acceptable levels, while the servo 
loop compensates for slow disturbances. The second 
and more troublesome predicament is the output 
nonlinearity which occurs when transitioning between 
quadrants. This is best illustrated by examining the DC 
equations for the two possible cases. 


When operating in either quadrant one or three, rotation 
and torque are in the same direction. Assuming opera- 
tionis above the continuous/discontinuous current mode 
boundary, the output voltage is described by: 


(10) V,,=2V,.D - Vag 


where D=PWM duty cycle 
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When the direction commandis reversed while the motor 
is rotating, operation switches to quadrant two or four, 
shifting the modulator’s maximum output voltage point 
from full duty cycle to zero duty cycle. 


(11) Vy = 2Vp6 (1-D) - Voc 


Note that the gain does not change, only the reference 
point has shifted. This occurs because the modulator 
only has a single quadrant control range - four quadrant 
operation results from the output control logic which. is 
after the modulator. With the transconductance amplifier 
previously described, the error amplifier quickly slews 
during quadranttransitions, providing four quadrant con- 
trol with minimal disturbance. When direct duty cycle 
control is used however, the servo loop filter must slew 
to maintain control. Unfortunately, this causes an imme- 
diate loop disturbance, with the greatest severity at the 
duty cycle extremes. This behavior can greatly effect the 
performance of an analog compensated servo, and 
therefore limits such systems to lower performance 
requirements. : 


With a microcontroller providing the servo loop compen- 
sation, nonlinear duty cycle changes can be accommo- 
dated, restoring linearity when transitioning between 
quadrants. Although nonlinear behavior still occurs when 
motor current becomes discontinuous, the effect on 
overall system performance is usually minimal. By cor- 


_ recting for quadrant transition nonlinearities, the advan- 


tages of an all digital interface can be exploited without 
severely degrading system performance. The control 
system is fully digital right up to the output stage, where 
the motor’s inductance finally makes the conversion to 
analog by integrating the output switching waveform. 


The circuit shown in figure 16 uses a PWM input from a 
microcontroller to set the output duty cycle and synchro- 
nize the oscillator, while another input controls direction. 
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Figure 16 - Digital PWM Interface 
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Complete line isolation can easily be achieved by using 

opto-couplers. Although the performance of this tech- 

nique falls short of the transconductance amplifier, the 

circuitry’s simplicity while maintaining all ofthe protection 

features of the UC3625 make it well suited to many cost 
sensitive applications. 


SUMMARY 


The application example demonstrates the relative sim- 
plicity inimplementing abrushless DC transconductance 
servo amplifier using the latest generation controller and 
driver ICs. For less demanding applications, direct duty 
cycle control using a dedicated controller provides size 
and cost reduction, without sacrificing protection fea- 
tures. While more and more control functions are imple- 
mented in microcontrollers today, the task of interfacing 
to outputdevices, and providing reliable protection under 


all conditions will remain.a hardware function. Dedicated - 


integrated circuits offer considerable improvement over 


the discrete solutions used inthe past, reducing both size. 


and cost,:while enhancing reliability. 
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Simple Switchmode Lead-Acid Battery Charger 
John A. O’Connor 
Abstract 


Lead-acid batteries are finding considerable use as both primary and backup power sources. For complete 
battery utilization, the charger circuit must charge the battery to full capacity, while minimizing over-charging 
for extended battery life. Since battery capacity varies with temperature, the charger must vary the amount 
of charge with temperature to realize maximum capacity and life. Simple, low cost circuits are currently 
available for small, low power requirements, while more complex solutions are affordable only on larger more 
expensive systems. Often the greatest challenge is in designing mid-size, mid-price systems, where obtaining 
optimum performance at moderate cost and complexity may be nearly impossible without dedicated integrated 
circuits. This paper describes a compact lead-acid battery charger, which achieves high efficiency at low cost 
by utilizing switchmode power circuitry, and provides high charging accuracy by employing a dedicated control 
IC. The circuit described can be easily adapted to lower or higher power applications. 


Lead-Acid Basics 


Lead-acid battery chargers typically have two tasks 
to accomplish. The first is to restore capacity, often 
as quickly as practical. The second is to maintain 
capacity by compensating for self discharge. In both 
instances optimum operation requires accurate 
sensing of battery voltage and temperature. 


When a typical lead-acid cell is charged, lead sulfate 
is converted to lead on the battery’s negative plate 
and lead dioxide on the positive plate. Over-charge 
reactions begin when the majority of lead sulfate has 
been converted, typically resulting in the generation 
of hydrogen and oxygen gas. At moderate charge 
rates most of the hydrogen and oxygen will 
recombine in sealed batteries. In unsealed batteries 
however, dehydration will occur. 


The onset of over-charge can be detected by 
monitoring battery voltage. Figure 1 shows battery 
voltage verses percent of previous discharge 
capacity returned at various charge rates. Over 
charge reactions are indicated by the sharp rise in 
cell voltage. The point at which over-charge 
reactions begin is dependent on charge rate, and as 
charge rate is increased, the percentage of returned 
capacity at the onset of over-charge diminishes. For 
over-charge to coincide with 10C€% return of 
capacity, the charge rate must typically be less than 
C/100 (1/100 amps of its amp-hour capacity). At high 


charge rates, controlled over-charging is typically. 
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Figure 1. Over-charge reactions begin earlier (indicated by 


the sharp rise in cell voltage) when charge rate is increased. 
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employed with sealed batteries to return full capacity 
as quickly as possible. 


To maintain capacity on a fully charged battery, a 
constant voltage is applied. The voltage must be 
high enough to compensate for self discharge, yet 
not too high as to cause excessive over-charging. 
While simply maintaining a fixed output voltage is a 
relatively simple function, the battery’s temperature 
coefficient of -3.9mV/degree C per cell adds 
complication. If battery temperature is not 
compensated for, loss of capacity will occur below 
the nominal design temperature, and over-charging 
with degradation in life will occur at elevated 
temperature. 


Charging Algorithm 


To satisfy the aforementioned requirements and 
thus provide maximum battery capacity and life, a 
charging algorithm which breaks the charging cycle 
down into four states is employed. The charging 
algorithm is illustrated by the charger state diagram 
shown in figure 2. Assuming a fully discharged 
battery, the charger sequences through the states 
as follows: 


1. Trickle-charge If the battery voltage is below a 
predetermined threshold, indicative of a very 


deep discharge or one or more shorted cells, a 
small trickle current is applied to bring the 
battery voltage up to a level corresponding to 
near zero capacity (typically 1.7V/cell @ 25 
degrees C). Trickle charging at low battery 
voltages prevents the charger from delivering 
high currents into a short as well as reducing 
excessive out-gassing when a shorted cell is 
present. Note that as battery voltage increases, 
detection of a shorted cell becomes more 
difficult. 


2. Bulk-charge Once the trickle-charge threshold 
is exceeded the charger transitions into the 
bulk-charge state. During this time full current is 
delivered to the battery and the majority of its 
Capacity is restored. 


3. Over-charge Controlled over charging follows 
bulk-charging to restore full capacity in a 
minimum amount of time. The over-charge 
voltage is dependent on the bulk-charge rate as 
illustrated by figure 1. Note that on unsealed 
batteries minimal over-charging should be 
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Figure 2. The charging algorithm is broken down into four 

states 
employed to minimize out-gassing and 
subsequent dehydration. Initially overcharge 
current is the same as bulk-charge current. As 
the over-charge voltage is approached, the 
charge current diminishes. Over-charge is 
terminated when the current reduces to a low 
value, typically one-tenth the bulk charge rate. 


4. Float-Charge To maintain full capacity a fixed 
voltage is applied to the battery. The charger 


will deliver whatever current is necessary to. 
sustain the float voltage and compensate for 
leakage current. When a load is applied to the 
battery, the charger will supply the majority of 
the current up to the bulk-charge current level. 
It will remain in the float state until the battery 
voltage drops to 90% of the float voltage, at 
which point operation will revert to the bulk 
charge state. 


Charger Circuit Design 


There are many possible circuit configurations which 
will provide the necessary control and output 
charging current. For efficient operation, particularly 
at higher output currents, switching power circuitry 
is preferred. To minimize cost as well as complexity 
each IC used must provide as much functionality as 
possible. A circuit topology was chosen which 
utilizes two special purpose ICs and a general 
purpose op-amp to provide all of the control 
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functions, while a discrete MOSFET output stage 
handles the power. The circuit design is modular to 
simplify modification for different application 
requirements. 


The charger circuit can be divided into three basic 
blocks. The first is the voltage loop control and state 
control logic which executes the control algorithm 
while providing temperature compensation. The 
second is the switchmode controller which regulates 
the current to the battery as commanded by the 
voltage loop control and state control logic. The third 
is the output power stage which is sized to efficiently 
deliver the charging current. 
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Figure 3. UC3906 Lead-Acid Battery Charger block diagram 
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Voltage Loop Control and State Control Logic 


Initially designed for charging small lead-acid 
batteries using a linear pass transistor for current 
control, the UC3906 directly implements the voltage 
loop control and state control logic while providing 
the appropriate temperature compensation. The 
block diagram of the UC3906 is shown in figure 3. 


Battery voltage is monitored with a resistor divider 
string. This network establishes the float voltage, the 
over-charge voltage, and the trickle-charge 
threshold voltage by comparing to the precision 
temperature compensated reference. Since 
temperature is monitored on chip itis critical that the 
battery and the UC3906 are in close proximity, and 
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that self-heating or heating from other components 
is minimized. | _ | 

The differential current sense comparator is used to 
terminate over-charging and transition to the float 
state. The voltage amplifier provides gain and 
compensation for the voltage loop. The UC3906 is 
covered in detail in reference [3]. 

Switchmode Current Source 

The charging algorithm places great demands on 
the current loop. during bulk charge full current must 
be supplied, yet during the float state the current 
draw may be only a few milliamps. This equates to 
a dynamic range in excess of 60 dB which can be 
very difficult to achieve with common peak current 
mode techniques. The wide dynamic range also 
requires operation with both continuous and 
discontinuous inductor current, potentially adding 
complication to voltage loop stabilization. Although 
load resistors can be employed to reduce the 
required dynamic range, their use can significantly 
degrade efficiency, particularly while in the float 
state. Note that a high value load resistor (10 k) is 
employed to assure operation down to zero output 
current and to provide a discharge path for the output 
capacitor. Additionally, to provide precise bulk and 
trickle-charge current levels the closed current loop 
transconductance must be accurate. Average 


current feedback will circumvent these potential 


problems, and is the key to a successful 
implementation of the switching current source for 
this application. 


Figure 4 shows the basic implementation of average 
current feedback. While slightly more complicated 
than typical peak current mode control schemes, 
average current feedback offers several critical 
performance enhancements. The high gain of the 
error amplifier at lower frequencies provides high 
closed current loop accuracy and accommodates 
the large output stage nonlinearity which occurs 
when the inductor current becomes discontinuous. 
Good switching spike noise immunity is inherent with 
this technique permitting stable operation at narrow 
duty cycles. 


A UC3823 PWM controller shown in figure 5 was 
chosen for the current loop control circuit for several 
reasons. First and most importantly it is capable of 
operating linearly from very small duty cycles to near 
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100% duty cycle. Secondly the error amplifier 
bandwidth and configuration are well suited to the 
average current loop’s requirements. Additionally, 


_ the output driver affords a simple interface to most 


discrete output power stages. 


A separate op-amp configured as a differential 


amplifier senses the output current and level shifts 
the signal to the appropriate voltage. The offset and 


~ common mode rejection of this amplifier are the 


major source of current loop error. 


Output Power Stage 


To simplify development a simple buck regulator 
output stage was used. For further simplicity the 
high-side switch is implemented using a direct 
coupled P-channel MOSFET. A switched current 
sink provides gate charge, turning the MOSFET on 


while a zener diode limits the gate to source voltage 


to 12 volts. A second emitter switched current sink 
drives a PNP which removes gate charge, turning 
the MOSFET off. Undoubtedly this output stage is 
suitable for many applications, although higher 
power capability and efficiency can be achieved 
using N-channel devices. A relatively low value 
output inductor was chosen to minimize size and 
cost since operation in the discontinuous current 
mode is of no concern with average current 
feedback. Output ripple voltage is also-not critical so 
the output capacitor was selected for ripple current 
capability. High frequency ringing caused by circuit 
parasitics is damped with asmall RC snubber across 
the catch rectifier. A rectifier in series with the output 
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Figure 5. UC3823 High speed PWM Controller Block Diagram 


prevents the battery from back driving the charger 
when input power is disconnected. 


Complete Charger Circuit 


A complete schematic for the switch-mode charger 
is shown in figure 6. Control circuit power is supplied 
from an emitter follower off a zener shunt regulator. 
The PWM frequency is set to 100 kHz as a 
reasonable compromise between output filter 
component size and switching loss. Output current 
is sensed in the battery return lead to minimize 
common mode voltage errors. This arrangement 
also allows direct current sensing for pulse by pulse 
current limiting adding further protection during 
abnormal conditions. The differential amplifier is set 
to again of 5 with the output signal referenced to the 
UC3823s 5.1V reference. | 


The current feedback signal is summed with the 
current command signal at the error amplifier’s 
inverting input. To accommodate worst case offset 
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in both the error amplifier and the differential 
amplifier and allow zero output current, the 
non-inverting input of the error amplifier is biased 
130 mV below the 5.1 V reference. Trickle bias is 
accomplished by injecting a small current into the 
differential amplifier’s negative op-amp input, thus 
Causing a proportional output current to balance the 
loop. Additionally, a 100 pF capacitor across the 
PWM comparator inputs enhances noise immunity, 
particularly at low duty cycles. 


For maximum control and float voltage accuracy, the 
UC3906s ground is connected to the battery’s 
negative terminal, thereby rejecting the current 
sense resistors voltage drop. The internal emitter 
follower output transistor interfaces to the current 
source as illustrated in figure 7. The voltage amplifier 
drives the output current command signal. The 
current command signal is limited by clamping the 
voltage amplifier output through a diode to 4.2 V. The 
clamp also prevents the emitter follower from 
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Figure 7. The UC3906's output transistor provides the 
interface to the switchmode current source. 


saturating which would cause a large difference 
between collector and emitter currents due to 
excessive base drive. 


Battery voltage is sensed by the resistor divider 
string, with the values shown for a typical 24 V (12 
cell) application. Other battery voltages are easily 
accommodated by simply changing the divider 
values using the procedure presented in the 
UC3906 data sheet, although changes in input 
voltage may require modification of the output circuit 
and the control circuit power supply. The resistor 
divider establishes all of the state transitions with the 
exception of over-charge terminate, which is 
determined by detecting when the output current 
has tapered off to approximately one-tenth the bulk 
charge level. This is accomplished by the UC3906s 
current sense comparator which senses the 
appropriately scaled signal from the differential 
amplifier output. 


Current and Voltage Loop Compensation 


The charger circuit implements a two loop control 
system with the current loop operating inside the 
voltage loop. During trickle-charge, bulk-charge and 
the beginning of over-charge the voltage loop is 
saturated and the current loop is escola driven 
from a fixed reference. 


With continuous inductor current the control to 
output gain of the current loop shown in figure 4 
exhibits a single pole response from the output 
inductor. The error amplifier gain at the switching 
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frequency is set such that the amplified inductor 
current down-slope is less than the oscillator-ramp 
up-slope as seen by the PWM comparator. By 
setting the two slopes equal under worst case 
conditions (at maximum output voltage) maximum 
closed loop bandwidth is achieved without 
subharmonic oscillation. 


Placing a zero below the minimum loop crossover 
frequency significantly boosts low frequency gain 
while a pole placed above the maximum crossover 
frequency enhances noise immunity. Note that since 
loop response is not particularly critical for battery 
charging, conservative compensation with plenty of 
phase margin is normally employed. 


When inductor current becomes discontinuous, the 
power circuit gain suddenly drops, requiring large 
duty cycle changes to significantly effect output 
current. The single pole characteristic of continuous 
inductor current with its 90 degree phase lag 
disappears. The current loop becomes more stable, 
but less responsive. Fortunately the high gain of the 
error amplifier easily provides the large duty cycle 
changes necessary to accommodate changes in 
output current, thereby maintaining ee average 
current regulation. 


The block diagram of the volage loop is es in 
figure 8. With an inner transconductance loop the 
control to output gain of the voltage loop exhibits a 
single pole response from the output capacitor and 
equivalent !oad resistance. While it may initially 


-appear that a simple fixed gain on the voltage 


amplifier would provide suitable loop compensation, 
further examination shows a severe drop in voltage 
gain at high loads, which would drastically reduce 
DC accuracy. A zero is placed in the voltage 
amplifier's transfer function to boost low frequency 
gain and therefore restore DC accuracy. 


The current loop’s single pole response above its 
crossover frequency cancels the output stage zero © 
resulting from the output capacitor’s capacitance. 
and ESR. Note again that since wide bandwidth is 
not required for battery charging, the voltage loop 
crossover frequency is well below both the current 
loop’s pole and the output capacitor’s zero. Low 
leakage capacitors must be used for the 
compensation network to maintain high DC gain 
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since the voltage amplifier is a transconductance 
type. Loop stabilization is covered extensively in 
references [1] and [2]. | | 


Charger Performance Summary 


The charger circuit properly executes the charging 
algorithm, exhibiting stable operation regardless of 


battery conditions including an open circuit load. The 


circuit was tested with 6,12 and 24 V batteries by 
modifying only the battery voltage sense divider. As 
would be expected, circuit efficiency was best at high 
battery voltage, approaching 85% while 


‘ bulk-charging a 24 V battery with a 40 V input supply 


voltage. 


An analysis of circuit losses indicates several areas 
where efficiency could be improved. Any accuracy 
and offset improvement in the differential amplifier 
will allow a corresponding decrease in current sense 
resistor value and hence dissipation, while 
maintaining the same overall current loop accuracy. 
Replacing the output blocking rectifier with a 
Schottky would save a few watts if the Schottky’s 
leakage could be tolerated. Further improvement 
could be made in that area by using a relay to 
disconnect the charger when input power is 
removed. A more conservative inductor design with 
less resistance would save alittle over one watt. As 
expected, the greatest losses occur in the output 
switch. A lower on resistance FET and a higher peak 
current gate drive to reduce switching losses could 
save more than 5 watts. Incorporating a few of these 
improvements will easily increase circuit efficiency 
to greater than 90%. 


Alternate Circuit Configurations 


While the charger circuit as designed may be 
suitable for many applications, a few modifications 
should satisfy the majority of additional 
requirements. Higher voltage batteries can be 
charged by designing a higher voltage output stage. 
N-channel MOSFETs are preferable for cost and 
efficiency reasons, but are more difficult to drive than 
P-channels. Fortunately, the remainder of the circult 
will require minimal modification. 


Some applications may require both the battery and 
charger to share a common ground and thus prohibit 
current sensing in the batteries negative return. The 
differential amplifier can sense current at the 
inductor output if tighter tolerance resistors to 
improve CMRR are used. While this simple 
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modification renders a suitable signal for closing the 
current loop, another current sense signal 
referenced to ground must be developed for pulse 
by pulse current limiting. This signal is most easily 
derived by using a PNP level shift transistor, 
connecting the base to the 5.1 V reference and the 
emitter through a resistor to the differential amplifier 
output. | 


At higher battery voltages it may be desirable to float 
with a current rather than a voltage. Varying 
self-discharge rates of individual cells in high voltage 
batteries causes inevitable differences in cell charge 
levels. By employing a float current and applying a 
small continuous overcharge, variation of charge 
between cells is minimized. Precise output at float 
current levels places great demands on current loop 
accuracy, and will add unnecessary expense to the 
current sensing circuitry. A more cost effective. 
alternative is to use a fixed linear current source 
which should be small and inexpensive considering 
the very low output current. 


Thus far the input supply has not been addressed 
and is assumed to be from a voltage required 
elsewhere in the system or from a typical line 
frequency transformer, rectify bridge and filter 
capacitor. This may represent more than half the 
cost of the charger, and is certainly the majority of 
its size and weight. An obvious alternative is to 
replace the buck output section with a transformer 
coupled output, taking advantage of the switching 
control circuit already present. Buck derived circuits 
such as forward, half-bridge and full-bridge easily 
interface with the existing design, however resonant 
and flyback circuits are also applicable. Asmall (0.75 
W) auxiliary supply will be required to power the 
control circuitry since the modulator will output zero 
at times, prohibiting the use of a bootstrap winding 
commonly used on switching power supplies. This 
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Figure 8. Voltage Control Loop block diagram 
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approach is particularly cost effective for 
stand-alone applications, allowing the design of a 
compact, light weight, high performance charger. 


Summary 


A practical switchmode lead acid battery charger 
circuit has been presented which incorporates all of 
the features necessary to assure long battery life 
with rapid charging capability. By utilizing special 
function ICs, component count is minimized, 
reducing system cost and complexity. With the 
circuit as presented, or with its many possible 
variations, designers need no longer compromise 
charging performance and battery life to achieve a 
cost effective system. 
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POWER FACTOR CORRECTION USING 
THE UC3852 CONTROLLED ON-TIME 
ZERO CURRENT SWITCHING TECHNIQUE > 


BILL ANDREYCAK 


INTRODUCTION 


The controlled on-time, zero current switching technique provides a simple and efficient so- 
lution to obtaining high power factor correction. This discontinuous inductor current approach 
essentially programs a constant switch on-time during one line half-cycle. It does not require any 

‘complex” analog square, multiply and divide functions to control the instantaneous switch cur- 
rent as with other PFC techniques. Additionally, zero current switching limits the peak current to 
exactly twice that of the average inductor current over all line and load combinations. High effi- 
ciency operation is also achieved with no boost rectifier recovery concerns and power loss. Ina 
typical 80 Watt application the UC3852 PFC technique delivers a power factor of 0.998 with 
5.8% Total Harmonic Distortion at nearly 94% efficiency. 


CIRCUIT SCHEMATIC 





Figure 1. 
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UC3852 FEATURES 


The UC3852 PFC controller contains several fea- 
tures which minimize external parts count while 
providing excellent performance and protection. 
Optimized for this off-line PFC application, the 
UC3852 delivers high power factor (0.997 typical) 
and a low cost overall solution. 


OFF-LINE PROTECTION 


e undervoltage lockout with hysteresis 16V turn- 
on, 11 V turn-off [1] 

e clamped 12V gate drive output [2] 

e active low, self biasing output [3] 

e overcurrent protection [4] 
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CONTROL CIRCUIT ATTRIBUTES 


e programmable maximum frequency [5] 
@ programmable maximum on-time [6] 
e overcurrent indication output [7] 


OPERATIONAL CHARACTERISTICS 


e low operating current [8] 

e low start-up current (0.4 mA) [1] 

e few external required components 
e 30 V maximum supply input 


CONTROL TECHNIQUE 


e Zero Current Switching [9] 
e controlled on-time [6] 
e high noise immunity [6] 
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UC3852 POWER FACTOR CORRECTION CONTROL IC BLOCK DIAGRAM 


PFC TECHNIQUE OVERVIEW | 


Most power factor correction techniques incorpo- 
rate the boost topology which can be operated in 
either the continuous or discontinuous inductor cur- 
rent modes and switched at a fixed or variable fre- 
quency. Generally, the fixed frequency, continuous 
inductor current variety is preferred for higher 
power .applications to minimize the peak current. 
Below about 500 Watts, the discontinuous inductor 
current version operated in a variable frequency 
mode offers several advantages. Benefits include 
reduced inductor size, minimal parts count and low 
cost of implementation. This paper will highlight the 
controlled on-time, Zero current switched variety of 
discontinuous inductor current PFC operation. 


FUNDAMENTALS 


CONTROLLED ON-TIME 


On-time of the PFC switch is controlled by the volt- 
age error amplifier of the UC3852 which is com- 
pared to a sawtooth waveform generated at the 
ICs RAMP function at pin 4. The PFC switch on- 
time varies with line and load conditions but should 
be considered constant for one line half-cycle. A 
low frequency bandwidth is necessary in the volt- 
age error amplifier loop compensation which is 
typically rolled off to cross zero dB below the line 
frequency. a 


ZERO CURRENT SWITCHING 


Zero current switching facilitates three important 
advantages in this application. First, the inductor 
current must be zero before the next switching cy- 
Cle is initiated inferring high efficiency and elimina- 
tion of the boost rectifier recovery loss. Secondly, 
the change in inductor current (delta IL) is equal to 
the peak inductor current’ (IL(pk)) since current 
starts and returns to zero each cycle. The discon- 
tinuous boost converter current waveform has a tri- 
angular shape with an area (charge) equal to 
one-half of the product of its height (peak current) 
multiplied by its base (time). Since the timebase 
can be considered as a series of consecutive trian- 
gles, the peak current is therefore limited to exactly 
twice that of the average current. This is valid for 
both the steady state and instantaneous switching 
cycle relationships. The converter operates right on 
the border between continuous and discontinuous 
current modes which results in variable frequency 
operation. 


The “fixed” on-time in conjunction with zero current 
switching provide automatic power factor correc- 
tion of the input current. This can be demonstrated 


by analyzing the basic inductor waveform using 
specific attributes of this PFC technique for either 
charging and discharging of the inductor current. 
Since the inductor charging condition is being con- 
trolled by the UC3852 circuitry it will be used for 
the analysis. | 


INDUCTOR WAVEFORM 





Figure 3. 


~ dt 

For the PFC boost converter operation, V can be 
replaced by Vin(t), the instantaneous voltage 
across the inductor. Also, it is assumed that the in- 
ductance and the switch on-time is constant for the 
duration of one line-half cycle. The change in in- 
ductor current, delta | is actually the peak value of 
current (Ipk(t)) since the inductor always begins 
charging at zero current, as forced by zero current 
switching. Substituting these relationships into the 
inductor wave from equation will demonstrate the 
simplicity of this specific technique when used for 
power factor correction. 

V = Vin(t) 

L = constant 

di = Ipk(t) 

dt = constant 

2. Ipk(t) o Vin(t) 

This relationship demonstrates that the instantane- 
ous line current will exactly track that of the instan- 
taneous line voltage. Since the input voltage 
waveform is sinusoidal (Vin sin(wt)), then so is the 
input current (Ipk sin (wt)). This controlled on-time, 
zero current switched technique provides automat- 


ic power factor correction with very simple control 
circuitry. 


V 
Lon 
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PFC POWER STAGE DESIGN 


It is advantageous to begin the power relationships 
from the AC line input of the preregulator and work 
towards the DC output section. The instantaneous 
primary voltage (Vp(t)) is related to the steady 
state peak input (VP) by the following relationship: 


3. VP (t)=VP sin (wt) 
where VP=V2 x Vp (rms ) 


The amplitude of Vp(t) varies between zero and 
VP as sin(wt) goes from zero to one for one line 
half-cycle. Note that Vp(t) and VP are always posi- 
tive with respect to the PFC circuit common due to 
the bridge rectification of the AC input waveform. 
The input current can similarly be expressed as : 


4. IP (t)=IP sin( wt) 
where IP = V2 x Ip (rms )} 


Input power to the PFC converter is the Root 
Means Squared (RMS) component of the line volt- 
age (Vp(RMS)) multiplied by the line current 
(Ip(RMS)). This can also be expressed using the 
peak terms of each waveform which is simpler for 
this a 


IP 
5. Pin= Vo 
pin PX) 


The average DC output current (lo) is determined 
by dividing the output power (Po) by the output 
voltage (Vo). 
6. Po ms 

lo 
Converter efficiency (n) can also be factored into 
the design equations although it may typically be in 
the neighborhood of 94% at full load. 


7. Pin =*2 


or Po = Pin xn 


where Pin = oe 


7A. Po _ (VP een) 


Equation 7A. can expressed with regard to primary 
current. 


(2xPo) 
7B. IP = (VP xn) 


It has been already established that the peak in- 
ductor current is exactly twice that of the average 
inductor current due to zero current switching. 


8. IL (pk )=2 x IL (avg) 
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The average input current must be equal to the av- 
erage inductor current since they are in series. 

9. Ipri (avg ) =IL (avg ) 

Combining equations yields the peak inductor cur- 
rent to the input current. 

(4x Po) 

(VP xn) 


The inductor current can now be analyzed in its 
time variant form and over all line and load condi- 
tions. 


10. Ipri ( pk ) = 


(4x Po xsin( wt) ) 
(VP xn) 


TIMING RELATIONSHIPS 


Steady state conditions will be used to analyze the 
timing relationships of this controlled on-time PFC 
technique. The peak primary voltage (VP) will be 
used as the starting point for the calculations, so 
the input line must be specified. 


The inductor relationship of equation 1. will be 
solved for the specific on-time required to charge 
the inductor to the correct peak current. This equa- 
tion can be restated for a given set of operating 
conditions as: 


W.IL(t)= 


i Te 
12. ton) =IL (pk) x75 


Substituting equation 10. for IL(pk) into equation 12 
results in: 


(4xPoxL) 
LOn= 
12A. t (on) (VP2xn) 


The instantaneous switch off-time varies not only 
with the line and load conditions, but also with the 
instantaneous line voltage. Off-time is analyzed by 
solving equation 1. for the inductor discharging 
where the voltage across the inductor is Vout mi- 
nus Vin. This should be solved for the time re- 
quired to discharge the current from its 
instantaneous peak to zero, which can be ex- 
pressed as: 


(IL (pk) x L) 
(Vo—VP (sin (Wt) ) 


Substituting equation 10. for IL(pk) above will ex- 
pand the off-time equation to: 


(4x Po x L x sin (wh) ) 
VP x (Vo - (VP x sin (wt) 


Due to the high efficiency during the boost inductor 
discharge and lack of rectifier recovery losses, the 
efficiency term (n) is essentially one. Loss can be 
ignored during the off-time since the boost diode 
forward voltage drop is very smail in comparison to 


13. t (off) = 


13A. t (off) = 
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the high voltage DC output, and resistive losses at 


these lower powers and currents are minimal. 
CONVERSION PERIOD 


The total time for one switching cycle is obtained 
by adding the on-time with the instantaneous off- 
time. Switching frequency is the reciprocal of the 
cyclical switching period which varies with line, 
load and instantaneous line voltage. 


14. t(per) = t(on) + toff) 
sin (wt) 
"VP x [Vo — VPsin(wt)] 
SWITCHING FREQUENCY 
15. f(conv)=1/t(per) 


Switching frequency varies with the steady state 
line and load operating conditions along with the 
instantaneous input line voltage. Generally, the 
PFC converter is designed to operate above the 


1 
t(per) =4 x PoxLx—; 
(per) = vp2 


audible range after accommodating all circuit and 


component tolerances. Many applications can use 
‘thirty kiloHertz (80 KHz) as a good first approxima- 
tion. Higher frequency operation should also be 


evaluated as this can significantly reduce the in- 


ductor size without negatively impacting efficiency 
or cost. In most applications, the minimum switch- 


ing frequency will coincide with full load operation — 


during ihe peak of the input voltage waveform at 


low line. In contrast, the highest frequency conver- 


sion occurs at light load and high line conditions, 

just as the input voltage waveform nears the zero 
crossing point. A plot of t(on), t(off), t(per) and 
switching frequency versus instantaneous line volt- 
age is shown in figure 4 and for the specific appli- 
cation circuit of figure 1. Figure 5 demonstrates the 
typical changes incurred in conversion frequency 
from low to high line inputs. 


SELECTING THE OUTPUT VOLTAGE 


The boost converter output voltage should be de-. 


signed to be at least thirty volts higher than the 
peak of the input voltage at high line. This will pre- 
vent long conversion cycles due to the small volt- 
age across the discharging boost inductor. When 
this thirty volt margin is ignored, the minimum 


switching frequency will occur at the peak of high 


line operation and not at low line, but also at full 
load. This will require recalculation of the timing in- 
tervals. 


INDUCTOR CONSIDERATIONS 


The exact inductor value can determined by solv- 
ing equation 14 for the required inductance at the 
selected minimum operating frequency. Maximum 
on-time needs to be programmed into the UC3852 


» U-132 


timing circuit. Both t(on)max and t(off)max will be 
individually calculated and added together to ob- 
tain the maximum conversion period, t(per)max. 
This is required to obtain the inductor value. Equa- 
tions 12A and 13A will be solved for their ‘Tespec- 
tive maximums. 


-4xLx Po (maw) 
VP (min) ? 


4xL~xPo (max) 
[VP (min) x (Vo = vp (min)] 


12B. t (on) max= 


13B. t (off) max = 


TIME (us) 








0 5 1% 25 35 45 55 65 75 85 95 105 15 
INSTANTANEOUS LINE VOLTAGE (VAC) 
Conversion Times vs Instantaneous Line 
Nominal Line Voltage 
Fig. 4 


Vin govAc. 





0 5 10 20 30 40 50 60 70 80 90 100110120130 
INSTANTANEOUS LINE VOLTAGE (VAC) 


Conversion Frequency vs Instantaneous Line 
Fig. 5. 


14A. t(per)max = t(on)max + t(off)max 


The minimum conversion frequency (F(conv)min) 
corresponds to the reciprocal of the maximum con- 
version period, t(per)max. | 


15A. F(conv)min = 1 / t(per)max 
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INDUCTOR VALUE 


The inductance value necessary for an application 
can be obtained by substituting equations 12B and 
13B into 15A. using the relationship of 14A. 


VP (min) 2 x [Vo — VP (min)] 


Ie 4 x Po (max) x Vo x F (conv) min 


This equation provides insight as to the possible 
ways to reduce the inductor value (size and cost) 
for a given set of design specifications. The most 
obvious approach is to increase the minimum con- 
version frequency above thirty kiloHertz if none of 
the other parameters (Vo, Po) can be varied. 


INDUCTOR DESIGN SUMMARY 


Generally, the size and cost of an inductor vary 
with its energy storage capacity, W(L). Although 
most of the energy is stored in the air gap (with a 
gapped ferrite design), the core set must support 
the necessary flux density (B)without saturating or 
exhibiting high core loss. The required energy stor- 
age of the boost inductor is: 


17. W(L) = 0.5*L*IL(pk)\2 


The number of turns required for a selected core 
size and material is: 


18. N = L*IL(pk)*10™4 / (Bmax*Ae) 


where Bmax is in Teslas and Ae is in square centi- 
meters (cm”2) 


The center leg gap to achieve the correct 
inductance and storage is expressed by: 
19. I(gap)={Uo*Ur*N42*Ae*104-2}/L (cm) 


where Uo=4*Pi*10“-7 (permitivity of free space), 
and Ur=1 (relative permeability of air) 


OUTPUT CAPACITOR 


The value of output capacitance is a generally de- 
termined by the required hold-up time or the ac- 
ceptable output ripple voltage for a given 
application. It may also be governed by the speci- 
fied ripple current rating or capacitor temperature 
rise. Typically, an approximation of one microFarad 
per Watt (1uF/W) is a good starting point. The ex- 
act value can later be changed depending on con- 
version frequency and other factors previously 
mentioned. | 


Electrolytic capacitors are typically used near 80% 
of their working voltage. This will necessitate a 500 
VDC rating for use in a 264 VAC PFC application 
which may not be practical from a cost perspec- 
tive. One option is to connect two lower voltage ca- 
pacitors in series, each having the same value and 
a 250VDC rating. 
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SEMICONDUCTOR SELECTION 


Peak currents and voltages must first be known 
over all operating conditions to select the proper 
MOSFET switch and boost rectifier. Standard de- 
sign practice is to derate all semiconductors to 
about 75% of their maximum ratings, indicating the 
use of 500+ volt devices. 


Low cost bipolar transistors are an acceptable al- 
ternative to MOSFETs if the conversion frequency 
is maintained fairly low. Inexpensive high voltage 
diodes with recovery times of 200 nanoseconds, or 
less should be used for the boost rectifier. Two 
popular devices are the 1N4937 and MUR160. 
Speed is not an issue with the input bridge rectifi- 
ers where 1N4004 to 1N4006 types are accept- 
able. High frequency switching noise in the PFC 
converter should be well filtered before reaching 
the input bridge diodes due to their low speed 
characteristics. This is best accomplished by add- 

ing an L/C filter between the bridge rectifier DC 
output and the boost converter. 


CONTROL CIRCUIT DESIGN : 
PROGRAMMING THE UC3852 
STARTUP CIRCUITRY — 


The UC3852 design incorporates a low startup cur- 
rent feature and draws less than one milliamp ( 
mA ) from the Vcc bias supply. This minimizes the 
power loss due to with the startup resistor after the 
converter begins operation when a bootstrap wind- 
ing supplies the full DC supply current. The 
UC3852 IC turns on when Vcc reaches approxi- 
mately 16 volts, and IC supply current will increase 
to its operational level. Undervoltage lockout pro- 
tection will turn the UC3852 device off when the 
supply voltage falls below the lower UVLO thresh- 
old of approximately 10 volts. 


The startup circuitry for this off-line consists of a 
startup resistor from Vcc to the input supply volt- 
age and a storage capacitor from Vcc to ground. 
Typically, select Rstart to supply around 1.5 mil- 
liamps (rms) of charging current (l(charge) at low 
line. The exact value can be obtained from the fol- 
lowing approximations. 


VP(min) — V(turn—on) 
1.41 x (charge) 


The Vcc bias supply filter capacitor value is deter- 
mined by several factors, but primarily by the 
UC3852 undervoltage lockout hysteresis. Imple- 
mentation and phasing of this boost inductor wind- 
ing in addition to soft start circuitry will also effect 
the capacitance. 


R(start) = 
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(ICC — \(charge) x t(boot) 
UVLO hysteresis 


For many applications, the following approxima- 
tions can be used: 


ICC =10 mA 

(charge) = 1.5 mA 

t(boot) = 10 ms ( one-half cycle at 50 Hz) 
UVLO hysteresis = 5 volts 

V(turn-on) = 15V 


A standard 15-uF electrolytic with an adequate 
voltage rating (85V once derated) is used. 


PROGRAMMING THE ON-TIME 


The maximum switch on-time must be calculated 
to program the UC3852 oscillator. This maximum 
occurs when the line voltage, VP is at its minimum 
and the output power is at its maximum. This is 
more commonly known as the low line, full load 
condition. 


t(on)max = 4*Pout(max)*L / Vp(min/2 


The UC3852 on-time is programmed by R/C com- 
ponents and uses two of the IC pins. A resistor 
from the ISET pin to ground programs the charging 
current into the RAMP pin. The Iset pin has an out- 
put voltage of approximately 5 volts, so the ISET is 
5 volts divided by Rset. Typical charging current 
should range between 100 and 600 microamps. 


The RAMP pin is used as one input to the Pulse 
Width Modulator of the UC3852. Internally, the 
RAMP voltage is compared to the error amplifier 
output (COMP) voltage to determine the exact on- 
time. The RAMP pin has a maximum amplitude of 
approximately 9 volts, and begins charging from 
approximately 0.2 volts, or an 8.8 volt swing. 


The RAMP capacitor value is selected to program 
the maximum switch on-time as it charges from 0.2 
to 9 volts by Iset. It can be calculated from the Ca- 
pacitor charge equation, shown below. 


C=(I*dt)/dV_ 
C(RAMP) = [ Iset * t(on)max ]/ 8.8 V 


The RAMP capacitor should be selected first from 
a list of standard values within the 100pF to 1nF 
range. The resulting ISET programming resistor 
selection is much easier as standard values with 
an initial tolerance of one percent (1%) are sea 
available. . 


C(Vcc) = 


5 x t(on)max 


RSET = 8.8 x C(RAMP) 


or 
RSET = 0.568 * t(on)max / C(RAMP) 
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t(on)max = [ RSET*C(RAMP) ]/ 0.568 
UC3852 ON-TIME vs. RSET & C(RAMP) 


ERROR AMPLIFIER COMPENSATION 


Power Factor Correction using the ZCS controlled 
on-time technique requires a very low bandwidth 
voltage loop to deliver high power factor (). This is 
necessary to keep the switch on-time constant dur- 
ing any one line cycle. Other advantages to this 
approach are high noise immunity, and simplicity, 
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Max On-Time vs Rset and Ct 
Fig. 6 


since no squarer, multiply or divide circuitry is 
needed. 


Configuration of the compensation circuitry is 
shown in the UC3852 PFC application schematic. 
First, the PFC preregulator output voltage (Vout) is 
accurately divided down to 5.0 volts to interface 
with the error amplifier. Three standard one-half 
watt resistors are used to avoid needing more ex- 
pensive, high voltage rated resistors for this appli- 
cation. This signal goes through a 20K ohm input 
resistor to the error amplifier inverting input. Feed- 
back components are a 1 meg ohm resistor and a 
0.1 uF capacitor in parallel from the E/A a ad to 
the inverting input. 


This recommended amplifier sorpeneation deliv- 
ers one low frequency pole in the loop response at 
1.6 Hz, as programmed by 1 meg ohm and 0.1 uF 
components. Low frequency gain is determined by 
the 20 K ohm input resistor, the output voltage di- 
vider resistance and the 5.0 reference voltage 
seen at the amplifiers (internal) noninverting input. 
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Many other compensation arrangements are possi- 
ble. 


Using this compensation network, a low frequency 
gain of approximately 34 dB is achieved. This rolls 
off with a single pole (-20 dB/decade) response 
centering at 1.6 Hz. The gain curve will intersect 
zero dB at about 120 Hz and result in excellent 
power factor correction. Better dynamic response 
and less overshoot of the output voltage can be 
obtained by adjusting the 20 K ohm input resistor 
to increase low frequency gain and move the zero 
dB crossing out to a higher frequency. Some slight 
degradation of the power factor is to be expected 
by increasing the loop response. 


SOFT START 


Soft starting of the output is optional, but recom- 
mended to minimize the output voltage overshoot 
upon power-up. This does not occur in applications 
which will always have some load on the output. 
However, most electronic ballast have either no 
load, or a very light load on the output at power-up 
and will see the overshoot. Soft start implementa- 
tion requires only a diode and capacitor from the 
compensation pin to ground. Another diode from 
the capacitor to VCC discharges the soft start ca- 
pacitor to the falling Vcc voltage when the AC line 
power is removed. This will guarantee that the cir- 
cuit will always start up in soft start if the line is AC 
plug is removed for a few seconds. Again, this is 
an optional feature which depends on the applica- 
tion. 


One “trick” to significantly reduce the size of the 
soft start capacitor is to replace the diode with a 
cheap PNP transistor. A capacitance multiplier can 
be obtained by connecting the PNP emitter to the 
error amplifier output and soft start capacitor from 
the base to ground. The collector of the transistor 
is connected to ground. This adaptation will scale 
the capacitance value up by beta of the transistor 
at the amplifier output. A 2N2907 or equivalent is a 
popular choice and will reduce the capacitance 
value by a factor of approximately 50. 


A 1N914 or 1N4148 signal diode should be used 
from the base to emitter to prevent negative base- 
emitter voltages from damaging the transistor. Ad- 
ditionally, this transistor can easily be interfaced 
with any optional fault protection schemes to soft 
start the controller following a fault. 


SOFT START IMPLEMENTATION 
CURRENT SENSE 


Current in the PFC design is sensed in the return 
line of the preregulator circuitry at the AC input 
bridge rectifiers. One side of the current sense re- 
sistor is referenced to the UC3852 “ground” con- 
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nection. The other end of the resistor develops the 
Current sense voltage which is equivalent to minus 
IL(t) * Rsense. The UC3852 zero current detection 
circuitry incorporates two comparators, one for 
zero current detection and another for over current 
protection. 


ZERO CURRENT DETECTION 


The zero current detection circuitry uses a negative 
10 millivolt (-1O0mV) threshold as its reference. This 
negative threshold guarantees that there are no 


E/A 
OUT 


SS CSS/B 


aus i 


IC 
a 
Figure 7. 


startup problems since this input must be pulled 
below ground for normal operation. Whenever the 
zero detect input is raised above the minus ten mil- 
livolt threshold, the comparator is triggered and the 
next switching cycle begins. | 


Inductor current can be sensed by a current sense 
resistor which develops minus 400mV maximum 
during an overcurrent condition. This should only 
occur at a twenty percent overload, or 1.2 * IL(pk). 


R(shunt) = 0.4 V/( 1.2 * IL(pk)) 


Power dissipated in the shunt can be calculated by 
using the RMS component of the line current. The 
peak input current (IP) is one half of the peak in- 
ductor current (IL(max). The RMS component of 
the line current (IP(rms)) is obtained by dividing the 
peak line current ( !P ) by the square root of two 
(1.41). | 

IP(rms) =[IL(pk)/(2*1.414)] 

P (R(sense)) = IP(rms)\2 * R(sense) » 

Standard value, low resistance (1. ohm or less) 
one-eighth to one-quarter watt resistors can used 
alone or paralleled to obtain the exact value. Carb- 


on composition or film resistors exhibit low series 
inductance and will work best. 


A small R/C filter can be added in the current 
sense circuitry to filter out switching noise caused 
by circuit parasitics. This delay will minimally effect 
the precise two-to-one ratio of the peak to average 
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duce the amount of EMI/RFI filtering required by 
minimizing the rectifier recovery noise. For best re- 
sults, the filter delay time should match the rectifi- 
ers recovery time. A ten ohm resistor and a one 
nanoFarad (1 nF) capacitor are good starting val- 
ues. 


OVERCURRENT FAULT PROTECTION 


The UC3852 contains and overcurrent comparator 
(-400mV) which quickly terminates the PWM out- 
put. This comparator also drives circuitry con- 
nected to the ISET pin which raises its normal 5 
volt amplitude to 9 volts during the overcurrent 
condition. In addition to programming the ramp ca- 
pacitor charging current, the ISET pin can be used 
to drive external fault protection circuits. A resistor 
in series with a 5.6 volt zener diode to the ISET pin 
will develop approximately 3.4 volts across the re- 
sistor when an overcurrent fault is detected. This 
signal can be used to trigger external shutdown or 
hiccup circuitry. 





Figure 8. 


GATE DRIVE 


The UC3852 PWM output section is MOSFET 
compatible and rated for a one amp peak current. 
This totem pole design also features a twelve volt 
(12V) clamped output voltage to prevent excessive 
gate voltage when used with unregulated (Vcc) 
supply voltages. A twelve ohm resistor between 
the UC3852 and the MOSFET switch gate will limit 
the peak output current to its one amp maximum 
during normal operation. 


Additionally, the UC3852 self biasing active low to- 
tem-pole design holds the MOSFET gate low dur- 
ing undervoltage lockout, preventing catastrophic 
problems at power-up and removal of the AC input. 
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inductor current and have an insignificant impact 
on power factor. However, this modification can re 


ADVANCED PROTECTION CIRCUITRY 


Certain applications of the UC3852 control IC may 

require sophisticated protection features. Some ex- - 
amples of these options are overvoltage protection 

and restart delay, soft start or latch-off following a 

fault. Each of these features can be added to the 

control circuit with a minimal amount of external 

parts, and often combined using shared compo- 

nents. 


TOOLSET UR ONS) 


TO. VCE +VOUT 
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TO COMP (PIN8) 


R12 
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Figure 9. 
LIST OF COMPONENTS 


C6 = 1 UF, 35V 

D5,6 = IN4148 

D7 =6.2 V ZENER 
D8 = 40 V ZENER 
Q2,4 = 2N2907 

Q3 = 2N2222 
R9,10=10K 

Ri1 =1MEG 

R12 =24K 

R13 = Calculate for OVP 
R14=1K | 
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TRANSFORMER COUPLED 
CURRENT SENSE 


TO OUTPUT 







FILTER 






CURRENT - 
SENSE 
XFMR TO PIN2 


ZERO 


Figure 10. 


Soft start is programmed by R11, C6 and the beta 
of Q2. Overcurrent protection starts at the UC3852 
ISET pin which outputs a 9 V signal during a fault. 
This drives Q3 on through D7 and discharges C6 
causing a soft start. Q4 also turns on with this ar- 
rangement which discharges Vcc causing a “hic- 
cup”. This is optional, and replacing Q3 with an 
SCR would latch the circuit off until power is reset. 
Overvoltage protection is attained via R11, R12, 
R13 and zener diode D8. When enough current 
flows through the zener (D8), R11 biases transistor 
Q3. Protection is similar to the overcurrent condi- 
tion. 


Regulated Auxiliary Bias Circuit 


BOOST 
INDUCTOR 





Figure 11. 


CURRENT SENSE TRANSFORMERS 


A transformer can be used to sense current in 
most of the UC3852 applications for higher effi- 
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Fig. 12 


ciency. Two primary windings are needed to sense 
each component of the switched current. These 
may also be unequal in number of turns, depend- 
ing on the input and output currents (or voltages). 
A single secondary winding and bridge rectification 
recreates the total inductor current. A small R/C fil- 
ter network may be required to smoothen out 
spikes caused by the leakage inductance. 


Universal AC Input Feedforward Circuit 





Figure 13. 


REGULATED BOOTSTRAP SUPPLY 


A regulated auxiliary supply is obtainable with a 
slight modification to the bootstrap interface and 
two inexpensive components. This circuit is advan- 
tageous in applications which incorporate other 
control ICs for the main converter or ballast drive 
sections. A regulated auxiliary voltage is NOT 
needed for the UC3852 which features a clamped 
twelve volt (typical) gate drive output voltage. This 
insures proper drive amplitude for power MOS- 
FETs with an unregulated IC supply voltage to 30 
volts. 
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Dual AC Input Range (110/220 VAC) 
Feedforward Circuit 





C(RAMP) | 


Figure 14. 


OTHER PFC APPLICATIONS 


The basic PFC schematic of Figure 1 can be used 
as a template for other PFC applications with dif- 
ferent input voltage ranges and output power lev- 
els. A majority of the changes will be to 
accommodate higher ( or lower ) voltages and cur- 
rents. Once familiar with the complete design pro- 
cedure as outlined in this application note, 
designers are encouraged to recalculate the val- 
ues for their applications using the same guide- 
lines. 


UNIVERSAL AC INPUT RANGE 


The UC3852 controlled-on time, zero current 
switched PFC technique can be used to accom- 
modate wide AC input voltages with the addition of 
a simple feedforward circuit. This external circuitry 
is required to cancel out the line dependent 
changes in the switch on-time over the three-to- 
one input range from 85 to 264 volts. Otherwise, 
the approximate nine-to-one control range of the 
UC3852 on-time would be fully used for line regu- 
lation allowing — no accommodation . for load 
changes. 


CIRCUIT OPERATION 


The rectified input voltage is applied across the 
network consisting of R10 through R12, D12 and 
C10. Capacitor C10 charges to the peak of the di- 
vided input voltage and is large enough to maintain 
this level over one line cycle. Diode D11 serves as 
an offset to bypass the range extender circuitry un- 
til a sufficient minimum line voltage has been es- 


U-132 


tablished, typically 80 VAC. Capacitor C11, a small 
filter capacitor and the base of transistor Q10 
reach a voltage of V(C10) minus the Zener forward 
voltage drop of diode D11. As this voltage rises, 
the emitter of Q10 and voltage across resistor R13 
follows, offset by the base-emitter diode drop of 
Q10. This increasing bias pulls more current from 
the UC3852 ISET pin which sits at a fixed voltage. 
The current in both resistor R13 and resistor RSET 
is pulled from the UC3852 ISET output. Within the 
UC3852, the ISET current is mirrored to the RAMP 
capacitor (Cramp) which is compared to the error 
amplifier output to determine the ON-time. As the 
input voltage increases bias to Q10, more current 
is pulled from ISET thus increasing the RAMP 
charging current. For a fixed output load, this cir- 
cuit performs the function of voltage feedforward 
and can keep the error amplifier output voltage 
fixed regardless of AC input voltage. This allows 
the full use of the ICs ON-time control range to ac- 
commodate load variations. 


FEEDFORWARD CIRCUIT DESIGN 
LOW LINE: 

ISET= 5V/RSET 

t(on)max=8.8* Cramp / ISET 


HIGH LINE: 
ISET= 5V/(RSET Il RSET’) 


GENERAL: | 
V(C10)=1 A1°VINRID(RIO+R114R12) 
NOTE:V(C10)MAX=5V+Vzener 
ISET(MIN)=5V/RSET 
ISET(MAX)=ISET(MIN)+5V/R13 
FEEDFORWARD BEGINS WHEN : 
V(C10)-Vzener-Vbe(Q10) OV 


COMPONENTS: 
C10=22uF/16V Q10=2N2222 
C11=1nF/16V  R10,11=100K 
D10=1N4148 -R12,13=5.1K 
D11=1N5221(2.4V)  RSET=51K 
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CONTINUOUS CURRENT PFC BOOST CONVERTER 






UC3852 


Figure 15. 


CONTINUOUS PFC CURRENT IMPLEMENTATION 





Figure 16. Figure 17. 
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UC3852 CONTROLLED PFC FLYBACK CONVERTER 
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Figure 18. 


UC3852 AS A CAPACITIVE DISCHARGE DRIVER 
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Figure 19. 
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AUTORANGE (110/220) VOLTAGE 
FEEDFORWARD CIRCUIT 


Input line voltage feedforward can also be obtained 
with a simple circuit for dual AC input ranges with 
less demanding load variations. Shown below is a 
single step autorange circuit for use with the 
UC3852 timing circuitry. Basically, the TL431 is 
used as a comparator to switch in a second timing 
resistor (RSET’) when the input voltage exceeds a 
preset threshold. 


The AC input voltage is rectified by diode D20 and 
divided down by resistors R20 and R21. Capacitor 
C20 peak charges and filters this waveform to de- 
velop a DC voltage proportional to the input line. 
RSET is programming the initial charging current 
to the timing capacitor CRAMP. When the voltage 
across C20 exceeds the 2.5 V threshold of the 
TL431 comparator, its output goes low. This places 





Figure 20. 


a second timing resistor, RSET’, in parallel with the 
original one thus increasing the current to CRAMP 
and performing line feedforward. Resistor values 
should be selected to switch in the feedforward 
compensation at approximately 155 VAC which is 
mid-range between high line of a 110 VAC input 
(130 VAC) and low line for a 220 VAC input (180 
VAC). The value of RSET’ must be selected to ac- 
count for the TL431 output saturation voltage. 


CONTINUOUS CURRENT 
PFC BOOST CONVERTER 


The zero current switched PFC technique can also 
be modified to operate in the continuous inductor 
current mode. A positive amplitude, small offset 
Signal is derived from the input voltage waveform. 
It gets added to the normal current sense signal 
which is negative with respect to ground. Summing 
these two signals to the ZEROinput biases the ac- 
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tual inductor current sense more positive. There- 
fore, the zero current detection threshold is 
crossed before the inductor current is actually zero, 
and the PFC preregulator operates with continuous 
current. The exact amplitude of both parts of the 
inductor current can be determined by adjusting 
the inductance, on-time, and current sense resis- 
tor. 


OTHER PFC TOPOLOGIES 


The UC3852 can also perform power factor correc- 
tion using the Flyback topology with a slight degra- 
dation to Power Factor. A Flyback topology is 
commonly used to generate a lower (or much 
higher) voltage output than the Boost converter. A 
nonisolated version of this is shown in Figure 18. 
for simplicity. 


A resistor in series with the power return lead 
senses the inductor charging current while the 
switch is on, similar to that of the boost converter. 
However, the discharging current information is 
lost when the switch is off while the stored induc- 
tive energy is delivered to the output. A second 
current sense resistor is added in series with the 
secondary winding as shown to recover this infor- 
mation. A small amount of filtering may be neces- 
sary to smoothen out switching noise spikes while 
summing the current sense signals. 


Good regulation of the output voltage will be ob- 
tained with this technique although some 120 Hz 
(2 x line frequency) ripple is to be expected. The 
flyback circuitry cannot fully transfer power when 
the input line voltage goes down near zero each 
cycle. This approach has numerous applications 
where a small amount of power supply ripple is ac- 
ceptable. Post regulator circuits can be added to 
improve regulation if necessary. 


CAPACITIVE DISCHARGE CIRCUITS 


The UC3852 can also be used in capacitive dis- 
charge circuits, typical of photoflash and strobe ap- 
plications. In fact, the circuit shown below will 
provide the minimum recharge time for a given 
peak input current. Zero current switching insures 
that the next switching cycle is initiated as soon as 
the inductor current discharges to zero. There is 
no deadtime between conversion cycles and the 
output is charged as quickly as possible for the 
programmed maximum inductor current. 


Regulation is achieved by using a burst mode of 
operation where the UC3852 stops delivering out- 
put pulses when the output voltage setpoint is 
reached. Operation will begin again when the out- 
put voltage drops below the lower programmed 
threshold. Both of these thresholds are _pro- 
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grammed by Ra, Rb and Rc according to the fol- 
lowing formulas. 


Vout(max) = (5*(Ra+Rx))/Rx 
Vout(min) = (5*(Ra+Rb))/Rb | 
where Rx=(Rb*“Re)/(Rb+Rc) 


NON PFC APPLICATIONS USING 
VARIABLE FREQUENCY OPERATION 


Conventional PWM (non PFC) applications using a 
variable frequency control techniques can also be 
implemented with the UC3852. This applies to both 
current mode and variable ON-Time control meth- 
ods. Typical examples of these are discontinuous 
current boost and flyback converters. Variable fre- 
quency operation is popular in numerous applica- 
tions as it can minimize the peak current in 
comparison to fixed frequency designs. The zero 
current detection and switching technique of the 
UC3852 should be used in its standard configura- 
tion with current sensed below ground, although a 
current transformer can be introduced. . 


IMPLEMENTING CURRENT MODE 


The ICs RAMP input will be used as the current 
sense input to be compared to the error amplifier 
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output for current mode control. A current trans- 
former is recommended to fully utilize the 9 volt 
compliance of this pin. This implementation allows 
for a wide load swing with maximum noise immu- 
nity. The RAMP pin gets discharged by internal IC 
logic to 0.2 V at the end of each ON-time. There- 
fore, some series impedance to the current sense 
resistor is recommended to keep load current out- 
side of the IC. Any filter capacitor to suppress the 
switch leading edge. noise spike will also get dis-— 
charged. The ramp pin does. not need a program- 
ming resistor, but one could be used to introduce 
optional slope compensation via the filter capacitor. 


VARIABLE ON-TIME CONTROL 


The switch ON-Time can also be controlled by 
comparing a sawtooth ramp to the error amplifier 
output. Configuration of this is basically identical to 
the standard PFC application using a RAMP ca- 
pacitor and resistor to program the maximum ON- 
Time. Error amplifier compensation is likely to be 
much different and utilize a much higher loop 
crossover frequency than its PFC counterpart. The 
ICs error amplifier is similar to.a ’741 type general 
purpose OP-AMP and is programmed accordingly. |. . 


REFERENCES and ADDITIONAL 
INFORMATION: 


1. ANDREYCAK, W. : “Controlled ON-Time, Zero 
Current Switched Power Factor Correction Tech- 
nique”; UNITRODE Power SUpply Design Manual 
SEM-800. 


2. AHMED, SAEED, : “Controlled On-time Power 
FActor Correction Circuit with Input Filter’; Thesis, 
Virginia Polytechnic Institute. 


3. MAMMANO,BOB and DIXON,LLOYD: “Design- 
ing High Power Factor Systems - Choosing the 
Optimum Circuit Topology’, PCIM Magazine, 
March 1991. | 


9-342 


APPLICATION NOTE 


PERFORMANCE EVALUATION 


The UC3852 controlled PFC circuit shown in Fig- 
ure 1 was constructed using the list of materials 
provided for this application. Power Factor and To- 
tal Harmonic Distortion to the 50th harmonic were 
measured using a VOLTEC PM- 3000 AC power 
analyzer. Test results indicated a power factor of 
0.998 and T.H.D. below 6% at nominal line and full 
load. Very similar readings were obtained over the 
complete input voltage range and a moderate load 
change. Zero Current Switching (ZCS) facilitates 
high overall efficiency with this PFC technique. 


UC3852 PFC TEST CIRCUIT 


SPECIFICATIONS: 
VIN = 85 TO 135 VAC 
VOUT = 350 VDC 
POUT = 86 W 


MEASURED PERFORMANCE : 
P.F. = 0.998 
T.H.D. = 5.81 % 


TEST CONDITIONS: 
(nominal line) 

VIN = 115.7 VAC 

IIN = 0.799 AAC 

PIN = 92.13 W 

VA IN = 91.84 
INRUSH Ipk = 17.7A 
VOUT = 355.6 VDC 
IOUT = 0.242 ADC 
POUT = 86.1 W 
EFFICIENCY = 93.45 % 


CURRENT WAVEFORM : 
HARMONIC CONTENT 
1st : 0.775 Amp 

3rd : 3.91 % 

5th : 0.82 % 

7th : 0.38 % 

9th : 0.35 % 
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11th : 1.30 % 
13th : 0.21 % 


LIST OF MATERIALS 
CAPACITORS 

C2 = 0.47 uF / 200 V 
C3 = 82 uF / 400 V 

C4 =22 uF /35V 

C5 =0.1 uF /35V 
C6=1nF/16V 

C7 =0.1 uF/16V 


DIODES 

D1-4 = 1N4004, 1 A/ 400V 
D5 = 1N4937, 1 A/ 600V 
trr = 200ns 

D6 = 1N4148, 0.2 A/50V 


INDUCTORS 

L2 = 1 mH Boost inductor 

L3 = Several turns on L2 to 
provide 20 VDC supply voltage 


RESISTORS 

R1=100 k ohms 1 Watt 

R2 = 0.1 ohm 1 W non-inductive 
R3 = 18.2 k ohms 1% 1/2 W 

R4 = 1 meg ohm 1/4 W 

R5 = 330 k ohms 1% 1/2 W 

R6 = 390 k ohms 1% 1/2 W 

R7 = 10 kohms 1% 1/4 W 

R8 = 20 k ohms 1/4 W 

R9 = 10 ohms 1/2 W non-inductive 


TRANSISTOR 
Q1 = IRF830 500 V/4A 


INTEGRATED CIRCUIT 
Uf = UC 3852 
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UCC 3800/1/2/3/4/5 BICMOS 
CURRENT MODE CONTROL ICs 


BILL ANDREYCAK 


INTRODUCTION 


Power supply design has become increasingly more challenging as engineers confront the difficulties of 
obtaining higher power density, improved performance and lower cost. The control for many of these 
switchmode supplies was revolutionized with two significant introductions; an advance technique known as 
current mode control, and a novel PWM solution, the UC3842 controller. This IC contained several innova- 
tive features for general purpose current mode controlled applications. Included were high speed circuitry, 
undervoltage lockout, an op-amp type error amplifier, fast overcurrrent protection, a precision reference 
and a high current totem-pole output. 


The popular UC3842 control circuit architecture has been recently improved upon to deliver even higher 
levels of protection and performance. Advanced circuitry such as leading edge blanking of the current 
sense signal, soft-start and full cycle restart have been built-in to minimize external parts count. Addition- 
ally, these integrated circuits have been developed on a BICMOS wafer fabrication process geared to vir- 
tually eliminate supply power and propagation delays in comparison to the bipolar UC3842 devices. These 
sophisticated new BiCMOS controllers, the UCC3800 through UCC3805 pulse width modulators address 
the challenges presented by the upcoming generations of power supply designs. This application note will 
highlight the features incoporated into this new generation of PWM controllers in addition to realizeable en- 
hancements in typical applications. The specific differences between members of the UCC3800/1/2/3/4/5 
family are reflective of their maximum duty cycle, undervoltage lockout thresholds and reference voltage 
which are summarized in the following table. 













Unitrode san" UVLO UVLO 
Part # Cycle (V) Turn-On i 
UCC3804 em he fe oa 
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UCC3800/1/2/3/4/5 PWM FEATURES UCC3800/1/2/3/4/5 DEVICE OVERVIEW 

A. Low start-up current The BiCMOS UCC3800/1/2/3/4/5 devices have 
similar standard features and pinouts to the bipolar 

- wncelvenage peru UC3842/3/4/5 PWMs and are enhanced replace- 

C. Low operating current ments in many applications. There are a few im- 

D. Internal soft start portant differences however which may require 

poe minor modifications to existing applications. 

E. Self biasing output during UVLO 

F. Leading Edge Blanking APPLICATION DIFFERENCES 

G. Self regulating Vcc supply 1.Maximum supply voltage from a low impedance 

H. Full cycle restart after fault source: 12V versus 30V 

|. Clamped gate drive amplitude 2.Undervoltage lockout thresholds 

J. Reduced propagation delays 3.Start-up current 

K. 5 Volt operation (UCC3803 & 05) 4.Operating current 


5.Oscillator timing component values 


IN-CIRCUIT ADVANTAGES vs. UC3842 6. Reference voltage (UCC3803 and 05) 


e Greatly reduced power requirements 7.Vcc supply self clamping zener voltage 
e Eliminates bootstrap supply 8.internal soft start 

e Fewer external components 9. Internal full cycle restart 

e Lower junction temperature 10.Clamped gate drive voltage 


11. Current loop gain 
12.E/A reference voltage ('03 & ’05) 


e Reduced stress during faults 

e Nocurrent sense R/C filter network 
e Faster response to fault 

e Higher frequency operation 

e Higher maximum duty cycles 


UCC3800/1/2/3/4/5 BLOCK DIAGRAM 





Leading Edge 
Blanking 


Voltage 
Reference 


Full Cycle 
Soft Start 
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SUPPLYING POWER 


An internal Vcc shunt regulator is incorporated in 
each member of the UCC3800/1/2/3/4/5 PWMs to 
regulate the supply voltage at approximately 13.5 


volts. A series resistor from Vcc to the input supply | 


source is required with inputs above 12 volts to 
limit the shunt regulator current as shown in figure 
2. A maximum of 10 milliamps can be shunted to 
ground by the internal regulator. 


The internal regulator in conjunction with the de- 
vice’s low startup and operating current can greatly 
simplify powering the device and may eliminate the 
need for a regulated bootstrap auxiliary supply and 
winding in many applications. The supply voltage 
is MOSFET gate level compatible and needs no 
external zener diode or regulator protection with a 
current limited input supply. The UVLO start-up 
threshold is 1.0 volts below the shunt regulator 
level on the ’02 and ’04 devices to guarantee start- 
up. 

It is important to bypass the ICs supply (Vcc) and 
reference voltage (Vref) pins with a 0.1uF to 1uF 
ceramic capacitor to ground. The capacitors 
should be located as close to the actual pin con- 
nections as possible for optimal noise filtering. A 
second, larger filter capacitor may also be required 
in off-line applications to hold the supply voltage 
(Vcc) above the UVLO turn-off threshold during 
Start-up. 


+400VDC 






BOOTSTRAP 


RSTART 


Figure 2 


UNDERVOLTAGE LOCKOUT 


The UCC3800/1/2/3/4/5 devices feature undervol- 
tage lockout protection circuits for controlled opera- 
tion during power-up and power-down sequences. 
Both the supply voltage (Vcc) and the reference 
voltage (Vref) are monitored by the UVLO circuitry. 
An active low, self biasing totem pole output during 
UVLO design is also incorporated for enhanced 
power switch protection. 
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Undervoltage lockout thresholds. for the UCC 
3802/3/4/5 devices are different from the previous 
generation of UC3842/3/4/5 PWMs. Basically, the 
thresholds are optimized for two groups of applica- 
tions; off-line power supplies and DC-DC convert- 
ers. The UCC3802 and UCC3804 feature typical 
UVLO thresholds of 12.5V for turn-on and 8.3V for 
turn-off, providing 4.3V of hysteresis. For low volt- 
age inputs which include battery and 5V applica- 
tions, the UCC3803 and UCC3805 turn on at 4.1V 
and turn off at 3.6V with 0.5V of hysteresis. The 
UCC3800 and UCC3801 have UVLO thresholds 
optimized for automotive and battery applications. 


During UVLO the IC draws approximately 100 mi- 
croamps of supply current. Once crossing the turn- 
on threshold the IC supply current increases 
typically to about 500 microamps, over an order of 
magnitude lower than bipolar counterparts. 


SELF BIASING, ACTIVE LOW OUTPUT 


0.5 


SUPPLY 
CURRENT 
(mA) 


0.1 





OFF ON 


VTURN 


SUPPLY VOLTAGE (V) 


Figure 3 


a 
voow ia ipa 


DURING UNDERVOLTAGE LOCKOUT 


The self biasing, active low clamp circuit shown 
eliminates the potential for problematic MOSFET 
turn on. As the PWM output voltage rises while in 
UVLO, the P device drives the larger N type switch 
ON which clamps the output voltage low. Power to 
this circuit is supplied by the externally rising gate 











voltage, so full protection is available regardless of 


the ICs supply voltage during undervoltage lockout. 
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Vcc 


Figure 4 


OPEN 


2V 
OV 
1V 





50mA 
IOUT 


100mA 


Figure 5 


REFERENCE VOLTAGE 


The traditional 5.0V amplitude bandgap reference 
voltage of the UC3842 family can be also found on 
the UCC3800,1,2 and UCC3804 devices. How- 
ever, the reference voltage of the UCC3803 and 
UCC3805 device is 4.0 volts. This change was 
necessary to facilitate operation with input supply 
voltages below five volts. Many of the reference 
voltage specifications are similar to the UC3842 
devices although the test conditions have been 
changed, indicative of lower current PWM applica- 
tions. Similar to their bipolar counterparts, the 
BiCMOS devices internally pull the reference volt- 
age low during UVLO which can be used as a 
UVLO status indication. 


REFERENCE DIFFERENCES 


Note that the 4V reference voltage on the 
UCC3803 and UCC3805 is derived from the sup- 
ply voltage (Vcc) and requires about 0.5V of head- 
room to maintain regulation. Whenever Vcc is 
below approximately 4.5V, the reference voltage 
also will drop outside of its specified range for nor- 
mal operation. The relationship between Vcc and 
Vref during this excursion is shown in Figure 7. 
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UCC380X 


O.11LF 
BYPASS 


Figure 6 


The noninverting input to the error amplifier is tied 
to one-half of the PWMs reference voltage, Vref. 
Note that this input is 2.0V on the UCC3803 and 
UCC3805 and 2.5V on the higher reference volt- 
age parts, the UCC3800, UCC3801, UCC3802 and 
UCC3804. 


4.0V 

3.9V 

3.8V 
VREF 


3.7V 


3.6V 





3.5V 
3.6V 3.8V 4.0V 4.2V 4.4V 4.6V 4.8V 5.0V 


vcc 


Figure 7 


OSCILLATOR SECTION 


The oscillator section of the UCC3800 through 
UCC3805 BiCMOS devices has few similarities to 
the UC3842 type — other than single pin program- 
ming. It does still utilize a resistor to the reference 
voltage and capacitor to ground to program the os- 
cillator frequency up to 1 MHz. Timing component 
values will need to be changed since a much lower 
charging current is desirable for low power opera- 
tion. 


Several characteristics of the oscillator have been 
optimized for high speed, noise immune operation. 
The oscillator peak to peak amplitude has been in- 
creased to 2.45V typical versus 1.7V on the UC 
3842 family. The lower oscillator threshold has 
been dropped to approximately 0.2 volts while the 
upper threshold remains fairly close to the original 
2.8 volts at approximately 2.65V. 


Discharge current of the timing capacitor has been 
increased to nearly 20 milliamps peak as opposed 
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Figure 8 


to roughly 8mA. As shown, this can be represented 
by approximately 130 ohms in series with the dis- 
charge switch to ground. A higher current was nec- 
essary to achieve brief deadtimes and high duty 
cycles with high frequency operation. Practical ap- 


OSC WAVEFORM 


2.65V 
VCT . 
0.2V 
_- —— 
f CONV 
Figure 9 


FREQUENCY vs. RT FOR SEVERAL CT 
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Figure 10 


U-133 


plications can utilize these new ICs to a 1 MHz 
switching frequency. 


SYNCHRONIZATION 


Synchronization of these PWM controllers is best 
obtained by the universal technique shown in fig- 
ure 12. The ICs oscillator is programmed to free 
run at a frequency about 20% lower than that of 
the synchronizing frequency. A brief positive pulse 
is applied across the resistor in series to ground 
with the timing capacitor to force synchronization. 
Typically, a one volt amplitude pulse of 100 
nanoseconds width is sufficient for most applica- 
tions. 


The ICs can also be synchronized to a pulse train 
input directly to the oscillator Rt/Ct pin. Note that 
the IC will internally pull low at this node once the 
upper oscillator threshold is crossed. This 130 ohm 
impedance to ground remains active until the pin is 
lowered to approximately 0.2 V. External synchro- 
nization circuits should accommodate these condi- 
tions. 


DEAD TIME WITH CT 


180 
160 
140 


Td, ns 120 
100 


80 
60 
40 


CT, pF 


Figure 11 


PWM SECTION : 
MAXIMUM DUTY CYCLE 


Maximum duty cycle is higher for these devices 
than for their UC3842/3/4/5 predecessors. This is 
primarily due to the higher ratio of timing capacitor 
discharge to charge current which can exceed one- 
hundred to one in a typical BiCMOS application. 
Attempts to program the oscillator maximum 
duty cycle much below the specified range by 
adjusting the timing component values of Rt 
and Ct) should be avoided. There are two rea- 
sons to refrain from this design practice. First, the 
ICs high discharge current would necessitate 
higher charging currents than necessary for pro- 
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~& 500 


Figure 12 


gramming, defeating the purpose of low power op- 
eration. Secondly, a low value timing resistor will 
prevent the capacitor from discharging to the lower 
threshold and initiating the next switching cycle. 





Figure 13 


DEADTIME CONTROL 


Deadtime is the term used to describe the guaran- 
teed OFF time of the PWM output during each os- 
cillator cycle. It is used to insure that even at 
maximum duty cycle, there is enough time to reset 
the magnetic circuit elements, and prevent satura- 
tion. 


The deadtime of the UCC380x PWM family is de- 
termined by the internal 130 Ohm discharge im- 
pedance and the timing capacitor value. Larger 
capacitance values extend the deadtime whereas 
smaller values will result in higher maximum duty 
cycles for the same operating frequency. A curve 
for deadtime versus timing capacitor values is: pro- 
vided below. 


Increasing the deadtime is possible by adding a re- 
sistor between the Rt/Ct pin of the IC and the tim- 
ing components. The deadtime increases with the 
discharge resistor value to about 470 Ohms as in- 
dicated from the curve. Higher resistances should 
be avoided as they can decrease the deadtime and 
reduce the oscillator peak-to-peak amplitude. Sink- 
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ing too much current (1 mA) by reducing At will 
“freeze” the oscillator OFF by preventing discharge 
to the lower comparator threshold voltage of 0.2 V. 


Reducing the maximum duty cycle can be accom- 
plished by adding a discharge resistor (below 47 
Ohms) between the ICs Rt/Ct pin and the actual 
Rt/Ct components. Adding this discharge control 
resistor has several impacts on the oscillator pro- 
gramming. First, it introduces a DC offset to the ca- 
pacitor during the discharge — but not the charging 
portion of the timing cycle, thus lowering the us- 
able peak-to-peak timing capacitor amplitude. 


Because of the reduced peak-to-peak amplitude, 
the exact value of Ct may need to be adjusted from: 
UC3842 type designs to obtain the correct initial 
oscillator frequency. One alternative is keep the 
same value timing capacitor and adjust both the 
timing and discharge resistor values since these 
are readily available in finer numerical increments. 
MAX DUTY CYCLE VERSUS RD 
100 
-~ 


a 


Max 95 
Duty Cycle 
wy Ore ay | 








RD, sees 
Figure 14 
LEADING EDGE BLANKING 


A 100 nanosecond leading edge blanking interval 
is applied to the current sense input circuitry of the 
UCC3800/1/2/3/4/5 devices. This internal feature 
has been incorporated to eliminate the need for an 
external resistor-capacitor filter network to sup- 


gee S1 
oe 


CURRENT 


Rsense s PF 10 
SENSE 


Figure 15 
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press the switching spike associated with turn-on 
of the power MOSFET. This 100 nanosecond pe- 
riod should be adequate for most switchmode de- 
signs but can be lengthened by adding an external 
R/C filter. 


Note that the 100 ns leading edge blanking is also 
applied to the cycle-by-cycle current limiting func- 
tion in addition to the overcurrent fault comparator. 


OSCILLATOR a en ae 
cT | 


LEADING 
EDGE 
BLANKING 


UNBLANKED 
SWITCH 
CURRENT 


BLANKED 
SWITCH 
CURRENT 


Figure 16 


MINIMUM PULSE WIDTH 


The leading edge blanking circuitry can lead to a 
minimum pulse width equal to the blanking interval 
under certain conditions. This will occur when the 
error amplifier output voltage (minus a diode drop 
and divided by 1.65) is lower than the current 
sense input. However, the amplifier output voltage 
must also be higher than a diode forward voltage 
drop of about 0.5V. It is only during these condi- 
tions that a minimum output pulse width equal to 
the blanking duration can be obtained. 


Note that the PWM comparator has two inputs; 
one is from the current sense input. The other 
PWM input is the error amplifier output which has a 
diode and two resistors in series to ground. The di- 


_ ZERO DUTY CYCLE 
OFFSET 


E/A f 
0.65 R 





Figure 17 





Zero duty cycle is achievable by forcing the er- 
ror amplifier output below the zero duty cycle 
threshold of one diode voltage drop. 
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ode in this network is used to guarantee that zero 
duty cycle can be reached. Whenever the E/A out- 
put falls below a diode forward voltage drop, no 
current flows in the resistor divider and the PWM 
input goes to zero, along with pulse width. 


PROTECTION CIRCUITRY: 
CURRENT LIMITING 


A 1.0 volt (typical) cycle-by-cycile current limit 
threshold is incorporated into the UCC3800 family. 
Note that the 100 nanosecond leading edge blank- 
ing pulse is applied to this current limiting circuitry. 
The blanking overrides the current limit comparator 
output to prevent the leading edge switch noise 
from triggering a current limit function. 


Propagation delay from the current limit compara- 
tor to the output is typically 70 nanoseconds. This 
high speed path minimizes power semiconductor 
dissipation during an overload by abbreviating the 

on time. | 


CURRENT SENSE OFFSET CIRCUITRY 


For increased efficiency in the current sense cir- 
cuitry, the circuit shown in figure 23 can be used. 
Resistors R1 and R2 bias the actual current sense 
resistor voltage up, allowing a small current sense 
amplitude to be used. This circuitry provides cur- 
rent limiting protection with lower power loss cur- 
rent sensing. 





VRCS=200mV 
AT FULL LOAD 


Figure 18 


The example shown uses a 200 millivolt full scale 


_ signal at the current sense resistor. Resistor Rb bi- 


ases this up by approximately 700 mV to mate with 
the 0.9V minimum specification of the current limit 
comparator of the IC. The value of resistor Ra 
changes with the specific IC used, due to the differ- 
ent reference voltages. The resistor values should 
be selected for minimal power loss. For example, a 
50 UA bias sets Rb = 13k ohms, Ra=75 k ohms 
(UCC3800,1,2,4) or Ra=56k ohms with the 
UCC3803 and UCC3805 devices. 
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Figure 19 
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OVERCURRENT PROTECTION 
AND FULL CYCLE RESTART 


A separate overcurrent comparator within the UCC 
3800/1/2/3/4/5 devices handles operation into a 
short circuited or severely overloaded power sup- 
ply output. This overcurrent comparator has a 1.5 
volt threshold and is also gated by the leading 
edge blanking signal to prevent false triggering. 
Once triggered, the overcurrent comparator uses 
the internal soft start capacitor to generate a delay 
before retry is attempted. Often referred to as “hic- 
cup”, this delay time is used to significantly reduce 
the input and dissipated power of the main con- 
verter and switching components. 


Internally, the ICs overcurrent comparator triggers 
latched circuitry to instantly turn the PWM output 
off and discharge the soft start capacitor to 0.5 
volts. This capacitor is then allowed to slowly 
charge via a current source to 4 volts while the 
PWM output is held low. Once the 4V threshold is 
reached, the soft start capacitor is again dis- 
charged and the latch is reset. This brings the 


1SENSE FB COMP 









FULL CYCLE 
SOFT START 


Figure 20 
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PWM back into soft start which results in normal 
operation with the fault removed. This entire proce- 
dure is repeated every time the overcurrent com- 
parator detects a fault. 


Low leakage transformer designs are recom- 
mended in high frequency applications to activate 
the overcurrent protection feature. Otherwise, the 
switch current may not ramp up sufficiently to trig- 
ger the overcurrent comparator within the leading 
edge blanking duration. This condition would 
cause continual cyclical triggering of the cycle-by- 
cycle current limit comparator but not the overcur- 
rent comparator. This would result in brief high 
power dissipation durations in the main converter 
at the switching frequency. The intent of the over- 





OUTPUT 





Figure 21 


current comparator is to reduce the effective retry 
rate under these conditions to a few milliseconds, 
thus significantly lowering the short circuit power 
dissipation of the converter. 
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Figure 22 
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SOFT START 


Internal soft starting of the PWM output is accom- 
plished by gradually increasing error amplifier 
(E/A) output voltage. When used in current mode 
control, this implementation slowly raises the peak 


RT/CT 


SOFT 


VVVV 
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Figure 23 


switch current each PWM cycle in comparison, 
forcing a controlled start-up. In voltage mode (duty 
cycle) control, this feature continually widens the 
pulse width. 


The soft start capacitor (Css) is discharged follow- 
ing an undervoltage lockout transition or if the ref- 
erence voltage is below a minimum value for 
normal operation. Additionally, discharge of Css 
occurs whenever the overcurrent protection com- 
parator is triggered by a fault. 


Soft start is performed within the UCC3800/- 
1/2/3/4/5 devices by clamping the E/A amplifier 
Output to an internal soft start capacitor (Css) 
which is charged by a current source. The soft start 
clamp circuitry is overridden once Css charges 
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above the voltage commanded by the error ampli- 
fier for normal PWM operation. 


VREF [ |] 
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Figure 24 


APPLICATIONS SECTION: 
CURRENT MODE CONTROL 


Peak current mode control is obtained by feeding 
the converters switch current waveform into the 
current sense (Isens) input of a UCC3800/1/2/3/4/5 
device. The sense resistor should be selected to 
develop a 0.9 V peak amplitude at full load, includ- 
ing slope compensation. Because of the internal 
100 ns typical leading edge blanking, the traditional 
resistor-capacitor (Rf/Cf) filter to suppress the turn- 
on noise spike may not be needed. 


SLOPE COMPENSATION 


Slope compensation can be added in all current 
mode control applications to cancel the peak to av- 
erage current error. Slope compensation is neces- 





RT FOSC= C vO 
100KHz RFZ 
4 | ucCc - 
3803 Cl 
CF 
0.1nF 
eT 3 | 2 
RIZ RIP 
5] = 
-VIN 
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Figure 25 


sary with applications with duty cycles exceeding 
50%, but also improves performance in those be- 
low 50%. 


Primary current is sensed using resistor Res in se- 
ries with the converter switch. A R/C filter is also 
required as the capacitor will be charged from both 
the current sense and slope compensating circuits. 
The timing resistor can be broken up into two se- 
ries resistors to bias up the NPN follower. This is 
needed to provide ample compliance for slope 
compensation at the beginning of a switching cy- 
Cle, especially with continuous current converters. 
A NPN voltage follower drives the slope compen- 
sating programming resistor (Rsc) to provide a 
slope compensating current into Cf. 


VOLTAGE MODE OPERATION 


Any current mode control IC can be used as a di- 
rect duty cycle control (voltage mode) by applying 
a sawtooth ramp to the current sense input. The 
exponential charging of the timing capacitor (Ct) is 
used aS an approximation of a sawtooth. This 
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Figure 26 


shape is obtained by using a high value timing re- 
sistance (Rt) to the reference voltage (Vref). 


The oscillator waveform is resistively divided down 
by R1 and R2 to a 0.9V maximum amplitude and 
fed into the current sense input for duty cycle con- 
trol. A small capacitor across R1 might be neces- 
sary to completely bring the current sense input to 





Figure 28 
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BOOST 
INDUCTOR 


Figure 29 


zero volts at the beginning of each PWM cycle. 
Current in the divider network should be kept 
around 50 microamps, a compromise between low 
power consumption and good noise immunity. A 
15K ohm and 30 K ohm are used in the example. 


This circuit can also be used to program the PWM 
maximum duty cycle. Values should be calculated 
to attain the 0.9V current sense voltage at the de- 
sired maximum duty cycle. 


LOW POWER pc/pc CONVERTERS 
CHARGE PUMP CONVERTERS 


Charge pump converters are popular for simple, 
low power applications. The two basic applications 
are free running step-up and inverting switchers 
which use few external components as shown. 





LOW POWER BUCK REGULATOR 


For voltage step down applications, the UCC 380x 
totem pole output can be used as both the switch 
and commutating diode of the buck regulator. 
Power dissipation and the one amp peak current 
rating of the ICs output stage limit the range of ap- 
plications to less than 1 amp of output current. 
High frequency operation permits the use of small 
and inexpensive surface mount components. 


BUCK-BOOST CONVERTER for VOLT- 
AGE STEP-UP and/or STEP-DOWN AP- 
PLICATIONS 


A two-switch buck-boost converter can be control- 
led by the UCC380x family of PWMs. This specific 
converter is useful in applications where the input 
voltage can be both higher and lower than the de- 


Qqis71 | vo 





Figure 30 
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SIMPLIFIED TWO SWITCH 
BUCK/BOOST CONVERTER 


+ 
VIN VOUT 


DRIVE SWITCHES TOGETHER 
sired output voltage. Implementation combines the 
voltage step-down characteristic of the buck regu- 
lator with the voltage step-up of the boost con- 
verter. Both switches are driven simultaneously 
with this adaptation to simplify the control algo- 
rithm. Note that the PWM output of the IC will be 
used directly for the high side switch in a low 
power pplication thus requiring only one external 
switch. Also, the body diode of the lower side to- 
tem-pole output is used as one of the commutating 


rectifiers, further reducing complexity. As shown, 


this approach is ideal for low voltage, low power 
DC to DC applications. Higher voltage and higher 
power applications will require the use of discrete 
semiconductors for the high side switch and lower 
diode. 


Duty cycle is varied with input line voltage to pro- 
vide a regulated output. A curve is provided to 
demonstrate the ideal converter voltage gain as a 
function of duty cycle. This non isolated buck-boost 


+VIN 





converter can be operated in either the discontinu- 
ous and continuous inductor current modes. High 


frequency switching permits the use of very small. 


and inexpensive surface mount inductors for most 
low power applications. The converter can be con- 
trolled by duty cycle modulation (voltage mode) or 
current mode control, and with or without overcur- 
rent protection. 
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BOOST CONVERTERS 


The UCC 3803 and UCC. 3805 devices are fully 
operational from a 4.5 volt input supply and are 
ideally suited for 5VDC and battery input PWM - 
boost converter applications. MOSFETs featuring 
“logic level” gate thresholds are the most likely 
candidates for the PWM switch as opposed to us- 
ing standard devices which typically require a gate 
voltage near 12 volts to be fully on. Currently, 
many popular N channel MOSFETs are available 
with logic level gate inputs as an option. Note that 
many logic level FETs have maximum gate voltage 
ratings of +/- 10V as opposed to +/- 20V for most 
conventional FETs which limits their application. 
Also note that the UCC 380x devices will require a 
current limited supply when used above 12 volts 
from a low impedance source. 


A basic current mode controlled boost converter 
application circuit is shown. Typical component val- 
ues for 250 kHz operation are listed in the following 
tables for a 12V and 24V output applications. The 
boost converter design equations are summarized 
below. 


BOOST DESIGN SUMMARY: 


(Discontinuous inductor current) 
t (on) 


Vout = vinx oe ) 


lin = lout x Fe: +14 | 





(off) 
7 : eriog 

Ip =2 x linx a 
7 2 x (period) x lout x (ton) + Koff) 

[on) x toff] 
ee nee 
F (switching 
_ Vout minus Vin (min) x tof) 
= aes aaa 

_ (px t(ofh max) 
Cee eavout 
dVout 


ESR (max) = ~pD 


Ip 
where t (period) = 


L 
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BOOST CONVERTER DESIGN 
TABLE 1 


VIN = 4.5 to 10 VDC 
VOUT = 12 VDC 

IOUT = 0.2, 0.4, 1 ADC 
DISCONTINUOUS | MODE 
F(SWITCHING) = 250kHz 


D1 I3A/40V. |3A/40V—sOI6A/45V 
1N5819 |1N5822 {6TQ045 
. 


PCH-(1) 27-123  |27-682 ~—‘|27-182 
(2) |100uF  |300uF —«*{S00uF 












fe) 
— 





Res(ohm) 


Q1* (3) 


2A/50V IRLZ14 IRLZ14 
RFL2NOSL 


NOTE 1: Coilcraft inductor part number. 

NOTE 2: Cout must be low ESR and ESL. 

NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 


TABLE 2 


VIN = 4.5 to 10 VDC 

VOUT = 24 VDC 

IOUT = 0.1, 0.2, 0.5 ADC 
DISCONTINUOUS | MODE 
SWITCHING) = 250kHz 






F( 

D1 3A/40V SA/40V 6A/45V 
1N5819 1N5822 6TQ045 

PCH-(1) {27-123 27-682 27-392 

Q1* (3) 2A/50V 8A/50V IRLZ14 
RFL2NOSL |IRLZ14 

NOTE 1: Coilcraft inductor part number. 

NOTE 2: Cout must be low ESR and ESL. 


NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 
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TABLE 3 


VIN = 10 to 18 VDC 

VOUT = 24 VDC 

IOUT = 0.1, 0.2, 0.5 ADC 
DISCONTINUOUS | MODE 
F(SWITCHING) = 250kHz 


rour [ow few [ew 
a 
1N5819 1N5822 6TQ045 
) 
(ohm) 













p 

L 

P 7 

Q1*(3)  |3A/60V |3A/60V ___|IRFF133 
IRFF113 IRFF113 


NOTE 1: Coilcraft inductor part number. 

NOTE 2: Cout must be low ESR and ESL. 

NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 


O 
C 

100uF 200uF 500uF 
cs 


BUCK REGULATOR 


The buck regulator is a more difficult design chal- 
lenge than the boost converter due to the high side 
switch. A transformer coupled gate drive is typically 
required to deliver drive pulses to the switch, which 
requires about ten volts above the input voltage for 
proper drive. Current mode control further compli- 
cates the design by requiring a current transformer 
to level shift the high side current sense signal 
down to the ground based input of the IC. In many 
applications, direct duty cycle control (voltage 
mode) can be used to simplify the design although 
overcurrent protection is lost with common ground 
applications. 


Several examples of common buck regulator appli- 
cation circuits are shown below. Direct duty cycle 
control is used for simplicity, however current mode 
control can be easily adapted as shown in the ex- 
ample. Tables listing component values and typical 
part numbers have been included. 
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DESIGN EQUATIONS: 
Vout = Vin * D (duty cycle) 


where D= 2m. 
T (period) 
t (off) 
d lo 
where: Delta lo is the inductor ripple current and 
equal to one-half of the minimum output current. 


Minimum output current has been selected as 10% 
of the full load current 


lpk = lo+ 2 


l=Voutx ——— 


lin(DC) = lout * D 
dlo 
(8 x Fx d Vout) 


where F is the switching frequency and A Vout is 
the output ripple voltage 


Cout = 


BUCK REGULATOR DESIGN TABLES 
TABLE 4 


VIN = 4.5 to 10 VDC 

VOUT = 3.3 VDC 

IOUT = 1, 3 and 5 ADC 

CONTINUOUS | MODE 
F(SWITCHING) = 

lout(min) = 


250kHz 
lout(max)/10 


SA/20V 12A/45V | 12A/45V 
1N5820 12TQ045 |12TQ045 
eer er] 
PCH) 27-393 45-223 45-682 
arlene or 
8A/60V 8A/60V IRLZ14 
IRLZ14 IRLZ14 
NOTE 1: Coilcraft inductor part number. 
NOTE 2: Cout must be low ESR and ESL. 


NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 
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TABLE 5 

VIN = 10 to 18 VDC 

VOUT = 5 VDC 

IOUT = 1,3. and 5 ADC 

CONTINUOUS | MODE 
F(SWITCHING) = 250kHz 


lout(min) a one 
3A/40V 3A/40V 12A/40V 
1N5822 1N5822 12TQ045 
Q1* (3) 4A/50V 8A/50V 12A/50V 
IRF9Z12 |IRF9Z22 |IRF9Z30 
NOTE 1: Coilcraft inductor part number. 
NOTE 2: Cout must be low ESR and ESL. 


NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 









TABLE 6 

VIN = 10 to 18 VDC 
VOUT = 9 VDC 
lOUT = 1,3, 5 ae 





3A/40V 3A/40V 12A/40V 
1N5822 1N5822 12TQ045 
PCH 






rane 27-293 27-123 27-682 

ee cae 

Q1* (3) 4A/50V 8A/50V 12A/50V 
IRF9Z12 |IRF9Z22 |IRF9Z30 

NOTE 1: Coilcraft inductor part number. 

NOTE 2: Cout must be low ESR and ESL. 


NOTE 3: MOSFET ratings and part number. 
LOGIC LEVEL gate threshold. 
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OFF-LINE APPLICATIONS: 
FORWARD AND FLYBACK 
CONVERTERS 


Several benefits can be realized in off-line applica- 
tions by using the low current, UC380x BiCMOS 
PWM controllers. First, the IC can be powered 
from a resistor to the rectified input voltage source, 
eliminating the bootstrap winding. This applies to 
most low frequency applications ( 50kKHz) where 
the DC supply current required for the gate drive is 
low. Soft start of the power supply and delayed re- 
start following a fault requires no external parts. 


| | + 








Figure 31 _— 


The internal leading edge blanking eliminates filter- 
ing of the current sense signal. Also, the ICs under- 
voltage lockout thresholds, internal Vcc shunt 
regulator and active low totem pole output elimi- 
nate any problematic gate drive operation. 


The basic schematic of a forward converter is 
shown in figure 31, and a flyback is shown in figure 
32. In each, the UCC3804 limits the maximum duty 
cycle to 50% by internal logic, allowing time for the 
main transformer to reset. Applications which util- 





Figure 32 


ize higher maximum duty cycles, for example 65%, 
should use the UCC 3802 device without the inter- 
nal toggle flip flop. 
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UCC380X OTHER APPLICATIONS: 
UNIVERSAL SYNC GENERATOR 


The UCC3803 can be used as a synchronization 
(SYNC) pulse generator and driver for a variety of 
applications. Basically, one circuit shown uses the 
leading edge blanking duration as the SYNC out- 
put pulse width. The current limit input is biased at 
1.25 volts to terminate the output pulse immedi- 
ately after the ICs internal blanking pulse width. 
The oscillator is resistively programmed to a DC 


5V SLAVE1 





SLAVE2 


TO 
ADDITIONAL 
SLAVES 


Figure 33 


level of 1.25 volts also, midway between its upper 
and lower thresholds. When a TTL compatible 
SYNC pulse is injected, the amplitude at the oscil- 
lator input is raised above its upper threshold. This 
turns on the internal discharge circuitry which pulls 
the pin to about 0.2 volts, crossing the lower oscil- 
lator threshold. Once this occurs, the discharge 
transistor is turned off and the ICs output is turned 
on, generating the SYNC pulse. Note that the cur- 
rent sense input is biased to turn the ICs output off 
following the leading edge blanking duration, which 
is used to program the SYNC output pulse width. 
This 100 nanosecond duration is ideal for synchro- 
nizing most PWMs used today with the technique 
shown. 


This circuit can be adapted to generate other width 
pulses with minor modifications. A capacitor can be 
added across the lower resistor in the divider net- 
work to the current sense input for extending the 
pulse width. Note that the voltage must be limited 
below 1.4 volts or a full cycle soft start will be in- 
curred. Also, this capacitor must be discharged be- 
fore the beginning of each pulse for proper timing 
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Figure 34 


to occur. One recommendation is to diode couple 
the current sense input to the oscillator Rt/Ct pin. 
External circuits can also be used for more precise 
programming. 


SYNC | | | i 
IN * ‘ , ° 


RT/CT 


OUTPUT - | ' . 
SLAVES — as ee 
CT ; 








Figure 35 


VFO APPLICATIONS 


Members of the UCC380x family of devices are 
adaptable for use in variable frequency applica- 
tions. The most direct means of accomplishing this 
is to vary the charging current to the oscillator tim- 
ing capacitor. Note that the minimum compliance 
voltage of the current source must exceed the up- 


per oscillator threshold of approximately 2.7 volts. 
The VFO current source can be generated by an 
external op-amp for general purpose applications 
as shown. 


EXTERNAL OPAMP 





R 
Figure 36 


Some VFO applications can utilize the ICs internal 
error amplifier to vary the frequency over a pro- 
grammed minimum and maximum frequency 
range. This is done by programming the minimum 
frequency by a resistor to Vref. Another current 
sink/source is formed by a resistor to the E/A out- 
put. This arrangement performs frequency modula- 
tion as the E/A output voltage is varied. 
Applications which require a fixed 50% duty cycle 
at varying frequencies, electronic ballasts, for ex- 
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VFO INPUT 
(0-5V) 


Figure 37 


ample, should use the UCC3804 or UCC3805 de- 
vices. Output frequency from these will be one-half 
of the ICs oscillator due to the internal divide-by- 
two gating circuitry. 


FIXED OFF-TIME APPLICATIONS 


Obtaining a fixed off-time, variable on-time control 
technique is easily implemented with the UCC380x 
family. The oscillator Rt/Ct timing components are 
used to generate the off-time rather than the oper- 


OUT 


VREF 


RT/CT 


Figure 38 


ating frequency. Implementation is shown in the 
esraeae ngure: 
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FULL DUTY CYCLE APPLICATIONS 


Any of the UCC380x PWM controllers can be used 
at full (100%) duty cycle. This mode of operation 
may be required in certain applications, including 
DC switch drivers. Implementation requires “freez- 
ing” the oscillator so that the output stays high until 
it is time to turn off. Switch Q1 insures that the 
PWM output is high when switch Q2 is activated to 
stop the oscillator. Current limiting can still be ac- 


OUT 


REF 


RT/CT 


FULL 
DUTY 
CYCLE 
INPUT 

Hi = ON 





oT 


Figure 39 


complished by using the current sense feature of 
the IC, in addition to modulating the peak current 
via the error amplifier. 


HIGH SPEED, PROGRAMABLE ELEC- 
TRONIC CIRCUIT BREAKER 


A high speed, programmable electronic circuit 
breaker can be built using the UCC380x family to 
perform the control and MOSFET drive functions. 
Basically, back-to-back power MOSFETS are used 
as the switching element although an SCR, TRIAC 
or bipolar switch can also be used. The MOS- 
FETS are connected with the sources tied together 
to simplify the gate drive while providing a blocking 
path to current in either direction. Current limiting 
for an AC supply requires a current transformer, 
also shown, which can be simplified to a resistor 


- for use in DC input applications. The current sense 


input to the IC can either be biased up for lower 
power loss in the current sense network, or pro- 
grammed by adjusting the error amplifier output 
voltage to yield a similar result. 
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SWITCHING COMPONENT NOTES: 
P CHANNEL MOSFET SWITCHES 


Logic level P channel MOSFETs are unavailable 
today which limits their applications to those with 
input voltages greater than about ten volts for 
proper gate drive. The P channel switch will also 
require a small N channel device to invert its gate 
drive command, due to the active high output of 
the PWM. High speed PNP transistors are also a 
suitable choice for some applications. 


N CHANNEL MOSFET SWITCHES 


Proper gate drive for N channel switches will re- 
quire a supply voltage which is several volts above 
the input voltage. This is not a problem in five volt 
input applications using logic level FETs if a nine 
volt (or higher) supply is also available. If not, one 
option is to construct a very low power boost con- 
verter to generate the nine volt supply to power the 
IC and gate drive. The boost converter switch can 
be driven from the UCC380x output which is 
switching the main output. Small, inexpensive sur- 
face mount inductors, switches and diodes are 
readily available. Another possibility is to build a 
charge pump circuit driven from the PWM output 
as shown, provided that only a few volts of head- 
room are required. 


GATE DRIVE TRANSFORMER 


Higher input voltage applications will require a gate 
drive transformer due to 12 volt maximum supply 
rating of the UCC 380x IC family. A small ferrite 
toroid with two windings and minimal insulation is 
typically used. A capacitor is placed in series with 
the primary and is needed for proper reset of the 
core. The DC offset introduced by the capacitor will 
effect the primary to secondary turns ratio of the 
transformer which is dependant on the application. 
A PULSE Engineering (phone 619-268-2400) 
model PE-64973 can be employed in a most Buck 
regulator designs. 


CURRENT SENSE TRANSFORMER | 


A current sense transformer is required in the buck 
regulator application for current mode control. This 
transformer is used to level shift the current signal 
from the high side input supply to the ground refer- 
enced PWM circuitry. A high turns ratio should be 
incorporated to reduce power dissipation. Parasitic 
noise can be minimized by inserting the trans- 
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former in series with the drain of the power switch 
as opposed to its source. A PULSE Engineering 
(phone 619-268-2400) model PE-64978 current 
transformer with a one turn primary and 50 turn 
secondary can be used in most applications. 


ADDITIONAL INFORMATION 


1. UNITRODE Application Note U-100A; 
“The UC3842/3/4/5 Series of Current 
Mode PWM ICs" : 

e UC3842/3/4/5 PWMs 

e Applications Information 


2. UNITRODE Application Note U-111; 
“ Practical Considerations in Current 
Mode Power Supplies’ ; 
e Fixed OFF-Time Implementation 
e Full Duty Cycle 
e Paralleling Power Supplies 
e Shutdown Techniques 
e Slope Compensation (implementation) 
e Soft Start 
Synchronization 
Variable Frequency Operation 
Voltage Mode Operation 


3. UNITRODE Application Note U-96A 
“A 25 Watt Off-Line Flyback Switching Regulator”: 
e Flyback Converter Design 


4. UNITRODE Application Note U-97 


“Modelling, Analysis and Compensation of the Cur- 
rent Mode Converter ” | 


e Current Mode Control _ 
e¢ Slope Compensation 
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UC3854 Controlled Power Factor Correction Circuit Design 


PHILIP C. TODD 


ABSTRACT 


This Application Note describes the concepts and design of a boost preregulator for power factor correc- 
tion. This note covers the important specifications for power factor correction, the boost power circuit de- 
sign and the UC3854 integrated circuit which controls the converter. A complete design procedure is given 
which includes the tradeoffs necessary in the process. This design procedure is directly applicable to the 
UC3854A/B as well as the UC3854. The recommendations in Unitrode Design Note DN-39 cover other ar- 
eas of the circuit and, while not discussed here, must be considered in any design. This application note 
supersedes Application Note U-125 “Power Factor Correction With the UC3854." 


INTRODUCTION 


The objective of active power factor correction is to 
make the input to a power supply look like a simple 
resistor. An active power factor corrector does this 
by programming the input current in response to 
the input voltage. As long as the ratio between the 
voltage and current is a constant the input will be 
resistive and the power factor will be 1.0. When the 
ratio deviates from a constant the input will contain 
phase displacement, harmonic distortion or both 
and either one will degrade the power factor. 


The most general definition of power factor is the 
ratio of real power to apparent power. 


P Watts 
= (Gane <inne) CEs VA. VA. 

Where P is the real input power and Vrms and Irms 
are the root mean square (RMS) voltage and cur- 
rent of the load, or power factor corrector input in 
this case. If the load is a pure resistance the real 
power and the product of the RMS voltage and cur- 
rent will be the same and the power factor will be 
1.0. If the load is not a pure resistance the power 
factor will be below 1.0. 


Phase displacement is a measure of the reactance 
of the input impedance of the active power factor 
corrector. Any amount of reactance, either induc- 
tive or capacitive will cause phase displacement of 


the input current waveform with respect to the input 
voltage waveform. The phase displacement of the 
voltage and current is the classic definition of 
power factor which is the cosine of the phase angle 
between the voltage and current sinusoids. 


PF =Cos 6 


The amount of displacement between the voltage 
and current indicates the degree to which the load 
is reactive. If the reactance is a small part of the 
impedance the phase displacement will be small. 
An active power factor corrector will generate 
phase displacement of the input current if there is 
phase shift in the feedforward signals or in the con- 
trol loops. Any filtering of the AC line current will 
also produce phase displacement. 


Harmonic distortion is a measure of the non-linear- 
ity of the input impedance of the active power fac- 
tor corrector. Any variation of the input impedance 
as a function of the input voltage will cause distor- 
tion of the input current and this distortion is the 
other contributor to poor power factor. Distortion in- 
creases the RMS value of the current without in- 
creasing the total power being drawn. A non-linear 
load will therefore have a poor power factor be- 
cause the RMS value of the current is high but the 
total power delivered is small. If the non-linearity is 
small the harmonic distortion will be low. Distortion 
in an active power factor corrector comes from 
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Power Factor Versus Distortion 
1 


0.995 


0.99 


Power Factor 


0.985 


0.98 
0 2 4 6 8 1 12 14 146 18 20 


Total Harmonic Distortion, in Percent 


Maximum 
permissible 
current 


Odd harmonics 


Permissible 
current 


Harmonic 
Order 





Table 1 


several sources: the feedforward signals, the feed- 
back loops, the output capacitor, the inductor and 
the input rectifiers. 


An active power factor corrector can easily achieve 
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a high input power factor, usually much greater 
than 0.9. But power factor is not a sensitive meas- 
ure of the distortion or the displacement of the cur- 
rent waveform. It is often more convenient to deal 
with these quantities directly rather than with the 
power factor. For example, 3% harmonic distortion 
alone has a power factor of 0.999. A current with . 
30% total harmonic distortion still has a power fac- 
tor of 0.95. A current with a phase displacement of 
25 degrees from the voltage has a power factor of 
0.90. 


The trend among the world standards organiza- 
tions responsible for power quality is to specify 
maximum limits for the amount of current allowed 
at each of the harmonics of the line frequency. IEC 
555-2 specifies each harmonic up through and be- 
yond the 15th and the amount of current permissi- 
ble at each. Table 1 lists the requirements for IEC 
555-2 as of the time of this writing. There are two 
parts to the specification, a relative distortion and 
an absolute distortion maximum. Both limits apply 
to all equipment. This table is included here as an 
example of a line distortion specification. It is not 
intended to be used for design purposes. The IEC 
has not finalized the requirements of IEC 555 at 
this time and major changes are possible. 


Active Power Factor Correction 


A boost regulator is an excellent choice for the 
power stage of an active power factor corrector be- 
cause the input current is continuous and this pro- 
duces the lowest level of conducted noise and the 
best input current waveform. The disadvantage of 
the boost regulator is the high output voltage re- 
quired. The output voltage must be greater than 
the highest expected peak input voltage. 


The boost regulator input current must be forced or 


- programmed to be proportional to the input voltage 


waveform for power factor correction. Feedback is 
necessary to control the input current and either 
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peak current mode control or average current 
mode control may be used. Both techniques may 
be implemented with the UC3854. Peak current 
mode control has a low gain, wide bandwidth cur- 
rent loop which generally makes it unsuitable for a 
high performance power factor corrector since 
there is a significant error between the program- 
ming signal and the current. This will produce dis- 
tortion and a poor power factor. 


Average current mode control is based on a simple 


concept. An amplifier is used in the feedback loop 
around the boost power stage so that input current 
tracks the programming signal with very little error. 
This is the advantage of average current mode 


control and it is what makes active power factor 


correction possible. Average current mode control 
is relatively easy to implement and is the method 
described here. 


A block diagram of a boost power factor corrector 
circuit is shown in Figure 1. The power circuit of a 





Figure 2. Preregulator Waveforms 
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boost power factor corrector is the same as that of 
a dc to dc boost converter. There is a diode bridge 
ahead of the inductor to rectify the AC input volt- 
age but the large input capacitor which would nor- 
mally be associated with the AC to DC conversion 
function has been moved to the output of the boost 
converter. If a capacitor follows the input diode 
bridge it is a small one used only for noise control. 


The output of the boost regulator is a constant volt- 
age but the input current is programmed by the in- 
put voltage to be a half sine wave. The power flow 
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Control Circuits 


An active power factor corrector must control both 
the input current and the output voltage. The cur- 
rent loop is programmed by the rectified line volt- 
age so that the input to the converter will appear to 
be resistive. The output voltage is controlled by 
changing the average amplitude of the current pro- 
gramming signal. An analog multiplier creates the 
current programming signal by multiplying the rec- 
tified line voltage with the output of the voltage er- 












Figure 3. High Power Factor 


into the output capacitor is not constant but is a 
sine wave at twice the line frequency since power 
is the instantaneous product of voltage an current. 
This is shown in Figure 2. The top waveform 
shows the voltage and the current into the power 
factor corrector and the second waveform shows 
the flow of energy into and out of the output ca- 
pacitor. The output capacitor stores energy when 
the input voltage is high and releases the energy 
when the input voltage is low to maintain the out- 
put power flow. The third waveform in Figure 2 
shows the charging and discharging current. This 
current has a different shape from the input current 
and is almost entirely at the second harmonic of 
the AC line voltage. This flow of energy into and 
out of the capacitor results in ripple voltage at the 
second harmonic also and this is shown in the 
fourth waveform in Figure 2. Note that the voltage 
ripple is displaced by 90 degrees relative to the 
current since this is reactive energy storage. The 
output capacitor must be rated to handle the sec- 
ond harmonic ripple current as well as the high fre- 
quency ripple current from the boost converter 
switch which modulates it. 


ror amplifier so that the current programming sig- 
nal has the shape of the input voltage and an aver- 
age amplitude which controls the output voltage. 
Figure 3 is a block diagram which shows the basic 
control circuit arrangement necessary for an active 
power factor corrector. The output of the multiplier 
is the current programming signal and is called Imo 
for multiplier output current. The multiplier input 
from the rectified line voltage is shown as a current 
in Figure 3 rather than as a voltage signal because 
this is the way it is done in the UC3854. 


Figure 3 shows a squarer and a divider as well as 
a multiplier in the voltage loop. The output of the 
voltage error amplifier is divided by the square of 
the average input voltage before it is multiplied by 
the rectified input voltage signal. This extra cir- 
cuitry keeps the gain of the voltage loop constant, 
without it the gain of the voltage loop would change 
as the square of the average input voltage. The av- 
erage value of the input voltage is called the feed- 
forward voltage or Vff since it provides an open 
loop correction which is fed forward into the volt- 
age loop. It is squared and then divided into the 
voltage error amplifier output voltage (Vvea). 
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The current programming signal must match the 
rectified line voltage as closely as possible to maxi- 
mize the power factor. If the voltage loop band- 
width were large it would modulate the input 
current-to keep the output voltage constant and 
this would distort the input current horribly. There- 
fore the voltage loop bandwidth must be less than 
the input line frequency. But the output voltage 
transient response must be fast so the voltage loop 
bandwidth must be made as large as possible. The 
squarer and divider circuits keep the loop gain con- 
stant so the bandwidth can be as close as possible 
to the line frequency to minimize the transient re- 
sponse of the output voltage. This is especially im- 
portant for wide input voltage ranges. 


The circuits which keep the loop gain constant 
make the output of the voltage error amplifier a 
power control. The output of the voltage error am- 
plifier actually controls the power delivered to the 
load. This can be seen easily from an example. If 
the output of the voltage error amplifier is constant 
and the input voltage is doubled the programming 
signal will double but it will be divided by the 
square of the feedforward voltage, or four times the 


input, which will result in the input current being re-— 


duced to half its original value. Twice the input volt- 
age times half the input current results in the same 
input power as before. The output of the voltage 
error amplifier, then, controls the input power level 
of the power factor corrector. This can be used to 
limit the maximum power which the circuit can 
draw from the power line. If the output of the volt- 
age error amplifier is clamped at some value that 
corresponds to some maximum power level, then 
the active power factor corrector will not draw more 
than that amount of power from the line as long as 
the input voltage is within its range. 


Input Distortion Sources 


The control circuits introduce both distortion and 
displacement into the input current waveform. 
These errors come from the input diode bridge, the 
multiplier circuits and ripple voltage, both on the 
output and on the feedforward voltage. 


There are two modulation processes in an active 
power factor corrector. The first is the input diode 
bridge and the second is the multiplier, divider, 
squarer circuit. Each modulation process gener- 
ates cross products, harmonics or sidebands be- 
tween the two inputs. The description of these 
mathematically can be quite complex. Interestingly 


enough, however, the two modulators interact and . 


one becomes a demodulator for the other so that 
the result is quite simple. As shown later, virtually 
all of the ripple voltages in an active power factor 
corrector are at the second harmonic of the line 
frequency. When these voltages go through the 
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multiplier and get programmed into the input cur- 
rent and then go through the input diode bridge the — 
second harmonic voltage amplitude results in two 
frequency components. One is at the third har- 
monic of the line frequency and the other is at the 
fundamental. Both of these components have. an 
amplitude which is half-of the amplitude of the 
original second harmonic voltage. They also have 
the same phase as the original second harmonic. If 
the ripple voltage is 10% of the line voltage ampli- 
tude and is phase shifted 90 degrees the input cur- 
rent will have a third harmonic which is 5% of the 
fundamental and is shifted 90 degrees and a fun- 
damental component which is 5% of the line cur- 
rent and is displaced by 90 degrees. 


The feedforward voltage comes from the rectified 
AC line which has a second harmonic component 
that is 66% of the amplitude of the average value. 
The filter capacitors of the feedforward voltage di- 
vider greatly attenuate the second harmonic and 
effectively remove all of the higher harmonics but 
some of the second harmonic is still present at the 
feedforward input. This ripple voltage is squared by 
the control circuits as shown in Figure 3. This dou- 
bles the amplitude of the ripple since it is riding on 
top of a large DC value. The divider process is 
transparent to the ripple voltage so it passes on to 
the multiplier and eventually becomes third har- 
monic distortion of the input current and a phase 
displacement. The doubling action of the squarer 
means that the amplitude of the input current dis- 
tortion in percent is the same as the amplitude of 
the ripple voltage, in percent, at the feedforward in- 
put. 


Needless to say, the feedforward ripple voltage 
must be kept small to achieve a low distortion input 
current. The ripple voltage could be made small 
with a single pole filter with a very low cutoff fre- 
quency. However, fast response to changes of the 
input voltage is also desirable so the response 
time of the filter must be fast. These two require- 
ments are, of course, in conflict and a compromise 
must be found. A two pole filter on the feedforward 
input has a faster transient response than a single 
pole filter for the same amount of ripple attenu- 
ation. Another advantage of the two pole filter has 
is that the phase shift is twice that of the single 
pole filter. This results in 180 degrees of phase 
shift of the second harmonic and brings both the 
resulting third harmonic and the displacement 
component of the input current back in phase with 
the voltage. A second harmonic ripple voltage of 
3% at the feedforward input results in a 0.97 power 
factor just from the displacement component if a 
single pole filter is used for the feedforward volt- 
age. With a two pole filter there is no displacement 
component to the power factor because it is in 
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phase with the input current. The third harmonic 
component of the input current resulting from the 
second harmonic at the feedforward input will have 
the same amplitude as the second harmonic ripple 
voltage. If 3% second harmonic is present on the 
feedforward voltage the line current waveform will 
contain 3% third harmonic distortion. 


The output voltage has ripple at the second har- 
monic due to the ripple current flowing through the 
output capacitor. This ripple voltage is fed back 
through the voltage error amplifier to the multiplier 
and, like the feedforward voltage, programs the in- 
put current and results in second harmonic distor- 
tion of the input current. Since this ripple voltage 
does not go through the squarer the amplitude of 
the distortion and displacement are each half of the 
amplitude of the ripple voltage. The ripple voltage 
at the output of the voltage error amplifier must be 
in phase with the line voltage for the displacement 
component to be in phase. The voltage error am- 
plifier must shift the second harmonic by 90 de- 
grees so that it will be in phase with the line 
voltage. 


reference 


current We 
actual 


| Vel current 






0 2y 7 


Figure 4. Cusp Distortion 


The voltage loop of a boost converter with average 
current mode control has a control to output trans- 
fer function which has a single pole roll off charac- 
teristic so it could be compensated with a flat gain 
error amplifier. This produces a very stable loop 
with 90 degrees of phase margin. However, it pro- 
vides less than optimum performance. The ripple 
voltage on the output capacitor is out of phase with 
the input current by 90 degrees. If the error ampli- 
fier has flat gain at the second harmonic frequency 
the distortion and displacement generated in the 
input current will be 90 degrees out of phase with 
the rectified AC line. The power factor can be im- 
proved by introducing phase shift into the voltage 
error amplifier response. This shifts the displace- 
ment component of the power factor back into 
alignment with the input voltage and increases the 
power factor. The amount of phase shift which can 
be added is determined by the need to keep the 
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voltage loop stable. If the phase margin is reduced 
to 45 degrees the phase at the second harmonic 
will be very close to 90 degrees and this brings the 
displacement component back in phase with the 
input voltage. : | 


The bandwidth of the voltage control loop is deter- 
mined by the amount of input distortion to be con- 
tributed by the output ripple voltage. If the output 
capacitor is small and the distortion must be low 
then the bandwidth of the loop will be low so that 
the ripple voltage will be sufficiently attenuated by 
the error amplifier. Transient response is a function 
of the loop bandwidth and the lower the bandwidth 
the slower the transient response and the greater 
the overshoot. The output capacitor may need to 
be large to have both fast output transient re- 
sponse and low input current distortion. 


The technique used to design the loop compensa- 
tion is to find the amount of attenuation of the out- 
put ripple voltage required in the error amplifier and 
then work back into the unity gain frequency. The 
loop will have the maximum bandwidth when the 
phase margin is the smallest. A 45 degree phase 
margin is a good compromise which will give good 
loop stability and fast transient response and which 
is easy to design. The voltage error amplifier re- 
sponse which results will have flat gain up to the 
loop unity gain frequency and will have a single 
pole roll off above that frequency. This gives the 
maximum amount of attenuation at the second har- 
monic of the line frequency from a simple circuit, 
gives the greatest bandwidth and provides a 45 de- 
gree phase margin. 


Cusp Distortion 


Cusp distortion occurs just after the AC line input 
has crossed zero volts. At this point the amount of 
current which is required by the programming sig- 
nal exceeds the available current slew rate. When 
the input voltage is near zero there is very little 
voltage across the inductor when the switch is 
closed so the current cannot ramp up very quickly 
so the available slew rate is too low and the input 
current will lag behind the desired value for a short 
period of time. Once the input current matches the 
programmed value the control loop is back in op- 
eration and the input current will follow the pro- 
gramming signal. The length of time that the 
current does not track the programmed value is a 
function of the inductor value. The smaller the in- 
ductor value the better the tracking and the lower 
the distortion but the smaller inductor value will 
have higher ripple current. The amount of distortion 
generated by this condition is generally small and 
is mostly higher order harmonics. This problem is 
minimized by a _ sufficiently high switching fre- 
quency. 
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UC3854 Block Diagram 


A block diagram of the UC3854 is shown in Figure 
5 and is the same as the one in the device data 
sheet. This integrated circuit contains the circuits 
necessary to control a power factor corrector. The 
UC3854 is designed to implement average current 
mode control but is flexible enough to be used for a 
wide variety of power topologies and control meth- 
ods. 


The top left corner of Figure 5 contains the under 
voltage lock out comparator and the enable com- 
parator. The output of both of these comparators 
must be true to allow the device to operate. The in- 
verting input to the voltage error amplifier is con- 
nected to pin 11 and is called Vsens. The diodes 
shown around the voltage error amplifier are in- 
tended to represent the functioning of the internal 
circuits rather than to show the actual devices. The 
diodes shown in the block diagram are ideal di- 
odes and indicate that the non-inverting input to 
the error amplifier is connected to the 7.5Vdc refer- 
ence voltage under normal operation but is also 
used for the slow start function. This configuration 
lets the voltage control loop begin operation before 
the output voltage has reached its operating point 
and eliminates the turn-on overshoot which 
plagues many power supplies. The diode shown 
between pin 11 and the inverting input of the error 
amplifier is also an ideal diode and is shown to 
eliminate confusion about whether there «ight be 
an extra diode drop added to the reference or not. 
In the actual device we do it with differential ampli- 
fiers. An internal current source is also provided for 
charging the slow start timing capacitor. 


The output of the voltage error amplifier, Vvea, is 
available on pin 7 of the UC3854 and it is also an 
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input to the multiplier. The other input to the multi- 
plier is pin 6, lac, and this is the input for the pro- 
gramming wave shape from the input rectifiers. 
This pin is held at 6.0 volts and is a current input. 
The feedforward input, Vff, is pin 8 and its value is 
squared before being fed into the divider input of 
the multiplier. The Iset current from pin 12 is also 
used in the multiplier to limit the maximum output 
current. The output current of the multiplier is Imo 
and it flows out of pin 5 which is also connected to 
the non-inverting input of the current error ampli- 
fier. 


The inverting input of the current amplifier is con- 
nected to pin 4, the Isens pin. The output of the 
current error amplifier connects to the pulse width 
modulation (PWM) comparator where it is com- 
pared to the oscillator ramp on pin 14. The oscilla- 
tor and the comparator drive the set-reset flip-flop 
which, in turn, drives the high current output on pin 
16. The output voltage is clamped internally to the 
UC3854 at 15 volts so that power MOSFETs will 
not have their gates over driven. An emergency 
peak current limit is provided on pin 2 and it will 
shut the output pulse off when it is pulled slightly 
below ground. The reference voltage output is con- 
nected to pin 9 and the input voltage is connected 
to pin 15. 


DESIGN PROCESS 
Power Stage Design 


This analysis of the power stage design makes use 
of a 250W boost converter as an example. The 
control circuit for a boost power factor corrector 
does not change much with the power level of the 
converter. A 5000 watt power factor corrector will 
have almost the same control circuits as a 50 watt 
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corrector. The power stage will be different but the 
design process will remain the same for all power 
factor corrector circuits. Since the design process 
is the same and the power stage is scalable a 250 
watt corrector serves well as an example and it 
can be readily scaled to higher or lower output lev- 
els. Figure 6 is the schematic diagram of the cir- 
cuit. Please refer to this schematic in the 
discussion of the design process which follows. 


Specifications 


The design process starts with the specifications 
for the converter performance. The minimum and 
maximum line voltage, the maximum output power, 
and the input line frequency range must be speci- 
fied. For the example circuit the specifications are: 


Maximum power output: 250W 
Input voltage range: 80-270Vac 
Line frequency range: 47-65Hz 


This defines a power supply which will operate al- 
most anywhere in the world. The output voltage of 
a boost regulator must be greater than the peak of 
the maximum input voltage and a value 5% to 10% 
higher than the maximum input voltage is recom- 
mended so the output voltage is chosen to be 
400Vdc. 
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Switching Frequency 


The choice of switching frequency is generally 
somewhat arbitrary. The switching frequency must 
be high enough to make the power circuits small 
and minimize the distortion and must be low 


enough to keep the efficiency high. In most appli- 


cations a switching frequency in the range of 
20KHz to 300KHz proves to be an acceptable 
compromise. The example converter uses a 
switching frequency of 100KHz as a compromise 
between size and efficiency. The value of the in- 
ductor will be reasonably small and cusp distortion 
will be minimized, the inductor will be physically 
small and the loss due to the output diode will not 
be excessive. Converters operating at higher 
power levels may find that a lower switching fre- 
quency is desirable to minimize the power losses. 
Turn-on snubbers for the switch will reduce the 
switching losses and can be very effective in allow- 
ing a converter to operate at high switching fre- 
quency with very high efficiency. 


Inductor Selection 


The inductor determines the amount of high fre- 
quency ripple current in the input and its value is 
chosen to give some specific value of ripple cur- 
rent. Inductor value selection begins with the peak 
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current of the input sinusoid. The maximum peak 
current occurs at the peak of the minimum line 
voltage and is given by: 


V2 xP 
Vin ( min ) 


For the example converter the maximum peak line 
current is 4.42 amps at a Vin of 80Vac. 


The maximum ripple current in a boost converter 
occurs when the duty factor is 50% which is also 
when the boost ratio M=Vo/Vin=2. The peak value 
of inductor current generally does not occur at this 
point since the peak value is determined by the 
peak value of the programmed sinusoid. The peak 
value of inductor ripple current is important for cal- 
culating the required attenuation of the input filter. 
Figure 7 is a graph of the peak to peak ripple cur- 
rent in the inductor versus input voltage for the ex- 
ample converter. 


The peak-to-peak ripple current in the inductor is 
normally chosen to be about 20% of the maximum 
peak line current. This is a somewhat arbitrary de- 
cision since this is usually not the maximum value 
of the high frequency ripple current. A larger value 
of ripple current will put the converter into the dis- 


I line (pk) = 


continuous conduction mode for a larger portion of 


the rectified line current cycle and means that the 
input filter must be larger to attenuate more high 
frequency ripple current. The UC3854, with aver- 
age current mode control, allows the boost stage to 
move between continuous and discontinuous 
modes of operation without a performance change. 


The value of the inductor is selected from the peak 
current at the top of the half sine wave at low input 
voltage, the duty factor D at that input voltage and 
the switching frequency. The two equations neces- 
sary are given below: | 


Vo-—Vin 
D= Vo 
re Vinx D 

~ fsxAl 


Where Al is the peak-to-peak ripple current. In the 
example 250W converter D=0.71, Al=900ma, and 
L=0.89mMH. For convenience the value of L is 
rounded up to 1.0mH. 


The high frequency ripple current is added to the 
line current peak so the peak inductor current is 
the sum of peak line current and half of the peak- 
to-peak high frequency ripple current. The inductor 
must be designed to handle this current level. For 
our example the peak inductor current is 5.0 amps. 
The peak current limit will be set about 10% higher 
at 5.5 amps. 
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Output Capacitor 


The factors involved in the selection of the output 
capacitor are the switching frequency ripple cur- 
rent, the second harmonic ripple current, the DC 
output voltage, the output ripple voltage and the 
hold-up time. The total current through the output 
capacitor is the RMS value of the switching fre- 
quency ripple current and the second harmonic of 
the line current. The large electrolytic capacitors — 
which are normally chosen for the output capacitor 
have an equivalent series resistance which 
changes with frequency and is generally high at 
low frequencies. The amount of current which the 
capacitor can handle is generally determined by 
the temperature rise. It is usually not necessary to 
calculate an exact value for the temperature rise. It 
is usually adequate to calculate the temperature 
rise due to the high frequency ripple current and 
the low frequency ripple current and add them to- 
gether. The capacitor data sheet will provide the 
necessary ESR and temperature rise information. 


The hold-up time of the output often dominates any 
other consideration in output capacitor selection. 
Hold-up is the length of time that the output voltage 
remains within a specified range after input power 


has been turned off. Hold-up times of 15 to 50 milli- 


seconds are typical. In off-line power supplies with 
a 400Vdc output the hold-up requirement generally 
works out to between 1 and 2uF per watt of output. 
In our 250W example the output capacitor is 
450uF. If hold-up is not required the capacitor will 
be much smaller, perhaps 0.2uF per watt, and then 
ripple current and ripple voltage are the major con- 
cern. 


Hold-up time is a function of the amount of energy 
stored in the output capacitor, the load power, out- 
put voltage and the minimum voltage the load will 
operate at. This can be expressed in an equation 
to define the capcitance value in terms of the hold- 
up time. 

2 x Pout x At 
Vo" - Vo ( min 2 
Where Co is the output capacitor, Pout is the load 
power, At is the hold-up time, Vo is the output volt- 
age and Vo(min) is the minimum voltage the load 
will operate at. For the example converter Pout is 
250W, At is 64msec, Vo is 400V and Vo(min) is 
300V so Co is 450uF. 


Switch and Diode 


Co= 


The switch and diode must have ratings which are 
sufficient to insure reliable operation. The choice of 
these components is beyond the scope of this Ap- 
plication Note. The switch must have a current rat- 
ing at least equal to the maximum peak current in 
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the inductor and a voltage rating at least equal to 
the output voltage. The same is true for the output 
diode. The output diode must also be very fast to 
reduce the switch turn-on power dissipation and to 
keep its own losses low. The switch and diode 
must have some level of derating and this will vary 
depending on the application. 


For the example circuit the diode is a high speed, 
high voltage type with 35ns reverse recovery, 
600Vdc breakdown, and 8A forward current rat- 
ings. The power MOSFET in the example circuit 
has a 500Vdc breakdown and 23Adc current rat- 
ing. A major portion of the losses in the switch are 
due to the turn-off current in the diode. The peak 
power dissipation in the switch is high since it must 
carry full load current plus the diode. reverse recov- 
ery current at full output voltage from the time it 
turns on until the diode turns off. The diode in the 
example circuit was chosen for its fast turn off and 
the switch was oversized to handle the high peak 
power dissipation. A turn on snubber for the switch 
would have allowed a smaller switch and a slightly 
slower diode. 


Current Sensing | 


There are two general methods for current sens- - 


ing, a sense resistor in the ground return of the 
converter or two current transformers. The sense 
resistor is the least expensive method and is most 
appropriate at low power or current levels. The 
power dissipation in the resistor may become quite 
large at higher current levels and in that case the 
current transformers are more appropriate. Two 
current transformers are required, one for the 
switch current and one for the diode current, to 
produce an analog of the inductor current as is re- 
quired for average current mode control. The cur- 
rent transformers must operate over a very wide 
duty factor range and this can be difficult to 
achieve without saturating them. Current trans- 
former operation is outside the scope of this paper 
but Unitrode has Design Note DN-41 which dis- 
cusses the problem in some detail. 


The current transformers may be configured for 
either a positive output voltage or a negative output 
voltage. 
shown in Figure 8, the peak current limit on pin 2 
of the UC3854 is easy to implement. In the positive 
output configuration, shown in Figure 9, this fea- 
ture may be lost. It can be added back by putting 
another resistor in series with the ground leg of the 
current transformer which senses the switch cur- 
rent. 


The configuration of the multiplier output and the 
current error amplifier are different depending on 
whether a resistor is used for current sensing or 
whether current transformers with positive output 


In the negative output configuration, 
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voltages are used for current sensing. Both work 
equally well and the configurations of the current 
error amplifier are shown in Figures 8 and 9 re- 
spectively. The positive output current transformer 
configuration requires the inverting input to the in- 
tegrator be connected to the sense resistor and the 
resistor at the output of the multiplier be connected 
to ground. (see Figure 9) The voltage at the output 
of the multiplier is not zero but is the programming 
voltage for the current loop and it will have the half 
sine wave shape which is necessary for the current 
loop. 


The resistor current sense configuration is used in 
the example converter (Figure 6) so the inverting 
input to the current error amplifier (pin 4) is con- 
nected to ground through Rci. The current error 
amplifier is configured as an integrator at low fre- 
quencies for average current mode control so the 
average voltage at the non-inverting input of the 
current error amplifier (pin 5, which it shares with 
the multiplier output) must be zero. The non-invert- 
ing input to the current error amplifier acts like a 
summing junction for the current control loop and 
adds the multiplier output current to the current 
from the sense resistor (which flows through the 
programming resistor Rmo). The difference con- 
trols the boost regulator. The voltage at the invert- 
ing input of the current error amplifier (pin 4) will be 
small at low frequencies because the gain at low 
frequencies is large. The gain at high frequencies 
is small so relatively large voltages at the switching 
frequency may be present. But, the average volt- 
age on pin 4 must be zero because it is connected 
through Rci to ground. 


The voltage across Rs, the current sense resistor 
in the example converter, goes negative with re- 
spect to ground so it is important to be sure that 
the pins of the UC3854 do not go below ground. 
The voltage across the sense resistor should be 
kept small and pins 2 and 5 should be clamped to 
prevent their going negative. A peak value of 1 volt 
or so across the sense resistor provides a signal 
large enough to have good noise margin but which 
is small enough to have low power dissipation. 
There is a great deal of flexibility in choosing the 
value of the sense resistor. A 0.25 ohm resistor 
was chosen for Rs in the example converter and at. 
the worst case peak current of 5.6 amps gves a 
maximum voltage of 1.40V peak. . 


Peak Current Limit 


The peak current limit on the UC3854 turns the 
switch off when the instantaneous current through 
it exceeds the maximum value and is activated 
when pin 2 is pulled below ground. The current 
limit value is set by a simple voltage divider from 
the reference voltage to the current sense resistor. 
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The equation for the vonage ¢ divider | is given below: 


Vrs x Rpkt1 
_ Vref 


Where Rpk1 and Rpk2 are the resistors of the volt- 
age divider, Vref is 7.5 volts on the UC3854, and 
Vrs is the voltage across the sense resistor Rs at 
the current limit point. The current through Rpk2 
should be around 1mA. The peak current limit in 
the example circuit is set at 5.4 amps with an Rpki 
of 10K and Rpk2 of 1.8K. A small capacitor, Cpk, 
has been added to give extra noise immunity when 
operating at low line and this also increases the 
current limit slightly. 


Multiplier Set-up 


Rpk2 = 


The multiplier/divider is the heart of the power fac- 
tor corrector. The output of the multiplier programs 
the current loop to control the input current to give 
a high power factor. The output of the multiplier is 
therefore a signal which lepresents: the input line 
current. 


Unlike most design tasks where the a begins 
at the output and proceeds to the input the design 
of the multiplier circuits must begin with the inputs. 
There are three inputs to the multiplier circuits: the 
programming current lac (pin 6), the feedforward 
voltage Vff from the input (pin 8), and the voltage 
error amplifier output voltage Vea (pin 7). The 
multiplier output current is Imo (pin 5) and it is re- 
lated to the three inputs by the following equation: 


Km x lac x ( Wea — 41) 


Imo = 
Vif 2 


Where Km is a constant in the multiplier and is 
equal to 1.0, lac is the programming current from 
the rectified input voltage, Vvea is the output of the 


voltage error amplifier and Vff is the eoeae 


voltage. 
Feedforward Voltage 


Vif is the input to the squaring circuit and the 
UC3854 squaring circuit generally operates with a 
Vff range of 1.4 to 4.5 volts. The UC3854 has an 
internal clamp which limits the effective value of Vif 
to 4.5 volts even if the input goes above that value. 
The voltage divider for the Vff input has three resis- 
tors (Rff1, Rff2 and Rff3 - see Figure 6) and two 
capacitors (Cffi1 and Cff2) and so it filters as well 
as providing two outputs. The resistors and capaci- 
tors of the divider form a second order low pass fil- 
ter so the DC output is proportional to the average 
value of the input half sine wave. The average 
value is 90% of the RMS value of a half sine wave. 
If the RMS value of the AC input voltage is 270Vac 
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the average value of a half:sine will Re 243Vde and 
the peak will be 382V. 


The Vff voltage divider has two DC conditions to 
meet. At high input line voltage Vff should not be 
greater than 4.5 volts. At this voltage the Vff input 
clamps so the feedforward function is lost. The 
voltage divider should be set up so that Vff is equal 
to 1.414 volts when Vin is at its low line value and 
the upper node of the voltage divider, Vffc, should 
be about 7.5 volts. This allows Vff to be clamped 
as described in Unitrode Design Note DN-39B. 
There is an internal current limit which holds the 
multiplier output constant if the Vff input goes be-. 
low 1.414 volts. The Vff input should always be set 
up so that Vff is equal to 1.414 volts at the mini- 
mum input voltage. This may cause Vff to clip on 
the high end of the input voltage range if there is 
an extremely wide AC line voltage input range. 
However, it is preferable to have Vff clip at the high 
end rather than to have the multiplier output clip on 
the low end of the range. If Vff clips the voltage 
loop gain will change but the effect on the overall 
system will be small whereas the multiplier clipping 
will cause large amounts of distortion in the input 
current waveform. | 


The example circuit uses the UC3854 so the maxi- — 
mum value of Vff is 4.5 volts. If Rff1, the top resis- 
tor of the divider, is 910K and Rf2, the middle 
resistor, is 91K and Rff3, the bottom resistor, is 
20K the maximum value of Vff will be 4.76 volts — 
when the input voltage is 270Vac RMS and the DC 
average value will be 243 volts. When the input» 
voltage is 80Vac RMS the average value is 72 
volts and Vff is 1.41Vdc. Also at Vin=80Vac the 
voltage at the upper node on the voltage divider, 
Vffc, will be 7.83 volts. Note that the high end of 
the range goes above 4.5 volts so that the low end 
of the range will not go below 1.41 volts. 


The output of the voltage error amplifier is the next 
piece of the multiplier setup. The output of the volt- 
age error amplifier, Vvea, is clamped inside the 
UC3854 at 5.6 volts. The output of the voltage er- 
ror amplifier corresponds to the input power of the 
converter. The feedforward voltage causes the 
power input to remain constant at given Vvea volt- 
age regardless of line voltage changes. If 5.0V is 
established as the maximum normal operating 
level then 5.6V gives an overload power limit which 
is 12% higher. 


The clamp on the output of the voltage error ampli- 
fier is what sets the minimum value of Vff at 1.414 
volts. This can be seen by plugging these values 
into the equation for the multiplier output current 
given above. When Vff is large the inherent errors 
of the multiplier are magnified because Vvea/Vff 
becomes small. If the application has a wide input 
voltage range and if a very low harmonic distortion 
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is required then Vff may be changed to the range 
of 0.7 to 3.5 volts. To do this an external clamp 
MUST be added to the voltage error amplifier to 
hold its output below 2.00 volts. In general, how- 
ever, this is not a recommended practice. 


Multiplier Input Current 


The operating current for the multiplier comes from 
the input voltage through Rvac. The multiplier has 
the best linearity at relatively high currents, but the 
recommended maximum current is 0.6mA. At high 
line the peak voltage for the example circuit is 
382Vdc and the voltage on pin 6 of the UC3854 is 
6.0Vdc. A 620K value for Rvac will give an lac of 
0.6mA maximum. For proper operation near the 
cusp of the input waveform when Vin=0 a bias cur- 
rent is needed because pin 6 is at 6.0Vdc. A resis- 
tor, Rb1, is connected from Vref to pin 6 to provide 
the small amount of bias current needed. Rb1 is 
equal to Rvac/4. In the example circuit a value of 
150K for Rb1 will provide the correct bias. 


The maximum output of the multiplier occurs at the 
peak of the input sine wave at low line. The maxi- 
mum output current from the multiplier can be cal- 
culated from the equation for Imo, given above, for 
this condition. The peak value of lac will be 182 mi- 
croamps when Vin is at low line. Vvea will be 5.0 
volts and Vif will be 2.0. Imo will then be 365 mi- 
croamps maximum. Imo may not be greater than 
twice lac so this represents the maximum current 
available at this input voltage and the peak input 
current to the power factor corrector will be limited 
accordingly. 


The Iset current places another limitation on the 
multiplier output current. Imo may not be larger 
than 3.75 / Rset. For the example circuit this gives 
Rset = 10.27K maximum so a value of 10K is cho- 
sen. 


The current out of the multiplier, Imo, must be 
summed with a current proportional to the inductor 
current to close the voltage feedback loop. Rmo, a 
resistor from the output of the multiplier to the cur- 
rent sense resistor, performs the function and the 
multiplier output pin becomes the summing junc- 
tion. The average voltage on pin 5 will be zero un- 
der normal operation but there will be switching 
frequency ripple voltage which is amplitude modu- 
lated at twice the line frequency. The peak current 
in the boost inductor is to be limited to 5.6 amps in 
the example circuit and the current sense resistor 
is 0.25 ohms so the peak voltage across the sense 
resistor is 1.4 volts. The maximum multiplier output 
current is 365 microamps so the summing resistor, 
Rmo, must be 3.84K and a 3.9K resistor is chosen. 
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Oscillator Frequency 


The oscillator charging current is Iset and is deter- 
mined by the value of Rset and the oscillator fre- 
quency is set by the timing capacitor and the 
charging current. The timing capacitor is deter- 
mined from: 


1.25 


sia Rset x fs 





Where Ct is the value of the timing capacitor and fs 
is the switching frequency in Hertz. For the exam- 
ple converter fs is 100KHz and Rset is 10K so Ct is 
0.001 25nuF. | 


Current Error Amplifier Compensation | 


The current loop must be compensated for stable 
operation. The boost converter control to input cur- 
rent transfer function has a single pole response at 
high frequencies which is due to the impedance of 
the boost inductor and the sense resistor (Rs) 
forming a low pass filter. The equation for the con- 
trol to input current transfer function is: 


_Vrs__ Vout x Ris 
Vcea VsxsL 


Where Vrs is the voltage across the input current 
sense resistor and Vcea is the output of the current 
error amplifier. Vout is the DC output voltage, Vs is 
the peak-to-peak amplitude of the oscillator ramp, 
sL is the impedance of the boost inductor (also 
jwL), and Rs is the sense resistor (with a current 
transformer it will be Rs/N). This equation is only 
valid for the region of interest between the reso- 
nant frequency of the filter (LCo) and the switching 
frequency. Below resonance the output capacitor 
dominates and the equation is different. 


The compensation of the current error amplifier 
provides flat gain near the switching frequency and 
uses the natural roll off of ine boost power stage to 
give the correct compensation for the total loop. A 
zero at low frequency in the amplifier response 
gives the high gain which makes average current 
mode control work. The gain of the error amplifier 
near the switching frequency is determined by 
matching the down slope of the inductor current 
when the switch is off with the slope of the ramp 
generated by the oscillator. These two signals are 
the inputs of the PWM comparator in the UC3854. 


The downslope of the inductor current has the 
units of amps per second and has a maximum 
value when the input voltage is zero. In other 
words, when the voltage differential between the 
input and output of the boost converter is greatest. 
At this point (Vin=0) the inductor current is given by 
the ratio of the converter output voltage and the in- 
ductance (Vo/L). This current flows through the 
current sense resistor Rs and produces a voltage 
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with the slope VoRs/L (with current sense trans- 
formers it will be VoRs/NL). This slope, multiplied 
by the gain of the current error amplifier at the 
switching frequency, must be equal to the slope of 
the oscillator ramp (also in volts per second) for 
proper compensation of the current loop. If the gain 
is too high the slope of the inductor current will be 
greater than the ramp and the loop can go unsta- 
ble. The instability will occur near the cusp of the 
input waveform and will disappear as the input 
voltage increases. 


The loop crossover frequency can be found from 
the above equation if the gain of the current error 
amplifier is multiplied with it and it is set equal to 
one. Then rearrange the equation and solve for the 
crossover frequency. The equation becomes: 


Vout x Rs x Rez 
Vs x 2nL x Rei 


Where fci is the current loop crossover frequency 
and Rez/Rci is the gain of the current error ampli- 
fier. This procedure will give the best possible re- 
sponse for the current loop. 


In the example converter the output voltage is 
400Vdc and the inductor is 1.0mH so the down 
slope of inductor current is 400mA per microsec- 
ond. The current sense resistor is 0.25 ohms so 


fci = 


the input to the current error amplifier is 100mV per. 


microsecond. The oscillator ramp of the UC3854 
has a peak to peak value of 5.2V and the switching 
frequency is 100KHz so the ramp has a slope of 
0.52 volts per microsecond. The current error am- 
plifier must have a gain of 5.2 at the switching fre- 
quency to make the slopes equal. With an input 
resistor (Rci) value of 3.9K the feedback resistance 
(Rez) is 20K to give the amplifier a gain of 5.2. The 
current loop crossover frequency is 15.9KHz. 


The placement of the zero in the current error am- 
plifier response must be at or below the crossover 
frequency. If it is at the crossover frequency the 
phase margin will be 45 degrees. If the zero is 
lower in frequency the phase margin will be 
greater. A 45 degree phase margin is very stable, 
has low overshoot and has good tolerance for 
component variations. The zero must be placed at 
the crossover frequency so the impedance of the 
capacitor at that frequency must be equal to the 
value of Rez. The equation is: Cez = 1 / (27 x fci x 
Rez). The example converter has Rcz=20K and 
fci=15.9KHZ so Ccz=500pF. A value of 620pF was 
chosen to give a little more phase margin. 


A pole is normally added to the current error ampli- 
fier response near the switching frequency to re- 
duce noise sensitivity. If the pole is above half the 
switching frequency the pole will not affect the fre- 
quency response of the control loop. The example 
converter uses a 62pF capacitor for Ccp which 
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gives a pole at 128KHz. This is actually above the 
switching frequency so a larger value of capacitor 
could have been used but 62pF is adequate in this 
case. 


Voltage Error Amplifier Compensation | 


The voltage control loop must be compensated for 
stability but because the bandwidth of the voltage 
loop is so small compared to the switching fre- 
quency the requirements for the voltage control 
loop are really driven by the need to keep the input 
distortion to a minimum rather than by stability. The 
loop bandwidth must be low enough to attenuate 
the second harmonic of the line frequency on the 
output capacitor to keep the modulation of the in- 
put current small. The voltage error amplifier must 
also have enough phase shift so that what modula- 
tion remains will be in phase with the input line to 
keep the power factor high. 


The basic low frequency model of the output ade 
is a current source driving a capacitor. The power 
stage and the current feedback loop compose the 
current source and the capacitor is the output ca- 
pacitor. This forms an integrator and it has a gain 
characteristic which rolls off at a constant 20dB per 
decade rate with increasing frequency. If the volt- 
age feedback loop is closed around this it will be 
stable with constant gain in the voltage error ampli- 
fier. This is the technique which is used to stabilize 
the voltage loop. However, its performance at re- 
ducing distortion due to the second harmonic out- 
put ripple is miserable. A pole in the amplifier 
response is needed to reduce the amplitude of the 
ripple voltage and to shift the phase by 90 degrees. 
The distortion criteria is used to define the gain of 
the voltage error amplifier at the second harmonic 
of the line frequency and then the unity gain cross- 
over frequency is found and is used to determine 
the pole location in the voltage error amplifier fre- 
quency response. 


The first step in designing the voltage error ampli- 
fier compensation is to determine the amount of 
ripple voltage present on the output capacitor. The 
peak value of the second harmonic voltage is 
given by: 

Spo FIM 5 

~ 2nfr x Co x Vo 

Where Vopk is the peak value of the output ripple 
voltage (the peak to peak value will be twice this), 
fr is the ripple frequency which is the second har- 
monic of the input line frequency, Co is the value of 
the output capacitance and Vo is the DC output 
voltage. The example converter has a peak ripple 
voltage of 1.84Vpk. 


The amount of distortion which the ripple contrib- 
utes to the input must be decided next. This deci- 


Vopk 
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sion is based on the specification for the converter. 
The example converter is specified for 3% THD so 
0.75% THD is allocated to this component. This 
means that the ripple voltage at the output of the 
voltage error amplifier is limited to 1.5%. The volt- 
age error amplifier has an effective output range 
(AVvea) of 1.0 to 5.0 volts so the peak ripple volt- 
age at the output of the voltage error amplifier is 
give by Vvea(pk) = %Ripple x AVvea. The example 
converter has a peak ripple voltage at the output of 
the voltage error amplifier of S(OmVpk. 


The gain of the voltage error amplifier, Gva, at the 
second harmonic ripple frequency is the ratio of the 
two values given above. The peak ripple voltage 
allowed on the output of the voltage error amplifier 
is divided by the peak ripple voltage on the output 
capacitor. For the example converter Gva is 
0.0326. 


The criteria for the choice of Rvi, the next step in 
the design process, are reasonably vague. The 
value must be low enough so that the opamp bias 
currents will not have a large effect on the output 
and it must be high enough so that the power dissi- 
pation is small. In the example converter a 511K 
resistor was chosen for Rvi and it will have power 
dissipation of about 300mW. 


Cvf, the feedback capacitor sets the gain at the 
second harmonic ripple frequency and is chosen to 
give the voltage error amplifier the correct gain at 
the second harmonic of the line frequency. The 
equation is simply: 

1 
~ 2rfr x Rvi x Gva 


The example converter has a Cvf value of 0.08uF. 
If this value is rounded down to Cvf=0.047uF the 
phase margin will be a little better with only a little 
more distortion so this value was chosen. 


The output voltage is set by the voltage divider Rvi 
and Rvd. The value of Rvi is already determined 
so Rvd is found from the desired output voltage 
and the reference voltage which is 7.50Vdc. In the 
example Rvd=10K will give an output voltage of 
390Vdc. This could be trimmed up to 400VDC with 
a 414K resistor in parallel with Rvd but for this ap- 
plication 390Vdc is acceptable. Rvd has no effect 
on the AC performance of the active power factor 
corrector. Its only effect is to set the DC output voit- 
age. 


Cvf 


The frequency of the pole in the voltage error am- 
plifier can be found from setting the gain of the 
loop equation equal to one and solving for the fre- 
quency. The voltage loop gain is the product of the 
error amplifier gain and the boost stage gain, which 
can be expressed in terms of the input power. The 

multiplier, divider and squarer terms can all be 
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lumped into the power stage gain and their effect is 
to transform the output of the voltage error ampli- 
fier into a power control signal as was noted ear- 
lier. This allows us to express the transfer function 
of the boost stage simply in terms of power. The . 
equation is: 


Pin x Xco 
AVvea x Vo 


Where Gbst is the gain of the boost stage including 
the multiplier, divider and squarer, Pin is the aver- 
age input power, Xco is the impedance of the out- 
put capacitor, AVvea is the range of the voltage 
error amplifier output voltage (4 volts on the 
UC3854) and Vo is the DC output voltage. 


The gain of the error amplifier above the pole in its 
frequency response is given by: 


Gva _ Xef 


Gbst = 


Where Gva is the gain of the voltage error ampli- 
fier, Xcf is the impedance of the feedback capaci- 
tance and Rvi is the input resistance. 


The gain of the total voltage loop is the product of 
Gbst and Gva and is given by the this equation: 


__Pin x Xco x Xcf 


Wee AVvea x Vo x Rvi 


Note that there are two terms which are dependent 
on f, Xco and Xcf. This function has a second or- 
der slope (-40dB per decade) so it must be a func- 
tion of frequency squared. To solve for the unity 
gain frequency set Gv equal to one and rearrange 
the equation to solve for fvi. Xco is replaced with 
1/(2nfCo) and Xcf is replaced with 1/(27fCvf). 


The equation becomes: 


fvi 2 = Pin 
AWea x Vo x Rvi x Co x Cvf x ( 2n)* 


Solving for fvi in the example converter gives 
fvi=19.14Hz. The value of Rvf can now be found by 
setting it equal to the impedance of Cvf at fvi. The 
equation is: Rvf=1/(2nfviCvf). 


In the example converter a value of 177K is calcu- 
lated and 174K is used. 


Feedforward Voltage Divider Filter Capacitors 


The percentage of second harmonic ripple voltage 
on the feedforward input to the multiplier results in 
the same percentage of third harmonic ripple cur- 
rent on the AC line. The capacitors in the feedfor- 
ward voltage divider (Cff1 and Cff2) attenuate the 
ripple voltage from the rectified input voltage. The 
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second harmonic ripple is 66.2% of the input AC 
line voltage. The amount of attenuation required, or 
the “gain” of the filter, is simply the amount of third 
harmonic distortion allocated to this distortion 
source divided by 66.2% which is the input to the 
divider. The example circuit has an allocation of 
1.5% total harmonic distortion from this input so 
the required attenuation is Gff = 1.5 / 66.2 = 
0.0227. 


The recommended divider string impliments a sec- 
ond order filter because this gives a much faster 
response to changes in the RMS line voltage. Typi- 
cally, it is about six times faster. The two poles of 
the filter are placed at the same frequency for the 
widest bandwidth. The total gain of the filter is the 
product of the gain of the two filter section so the 
gain of each section is the square root of the total 
gain. The two sections of the filter do not interact 
much because the impedances are different so 
they can be treated separately. In the example 
converter the gain of each filter section at the sec- 
ond harmonic frequency is 0.0227 or 0.15 for each 
section. This same relationship holds for the cutoff 
frequency which is needed to find the capacitor 
values. These are simple real poles so the. cutoff 
frequency is the section gain times the ripple fre- 
quency or: 


fo = VGff x fr 


The example converter has a filter gain of 0.0227 
and a section gain of 0.15 and a ripple frequency 
of 120Hz so the cutoff frequency is 
fc=0.15x120=1 8Hz. 


The cutoff frequency is used to calculate the val- 
ues for the filter capacitors since, in this appliva- 
tion, the impedance of the capacitor will equal the 
impedance of the load resistance at the cutoff fre- 
quency. The two equations given below are used 
to calculate the two capacitor values. 


1 
~ 2nx fp x Rff2 


1 
2n x fp x Rff3 


Cff1 


Cff2 = 


In the example converter Rff2 .is oe and Rff3 is 
20K; so, 


Cff1 =1/27x18x91K=0.1 pF; 
Cff2=1/2nx18x20K=0.44uF; 
so choose Cff2=0.47pF. 


This completes the design of the major circuits of 
an active power factor corrector. 
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DESIGN PROCEDURE SUMMARY 


This section contains a brief, step-by-step sum- 
mary of the design procedure for an active power 
factor corrector. The example circuit used above is 
repeated here. | rf 


1. Specifications: Determine the spsiating require- 
ments for the active power factor corrector. 


Example: 
Pout (max): 250W 
Vin range: 80-270Vac 


Line frequency range: 47-65Hz 
Output voltage: 400Vdc 


2. Select switching frequency: 
Example: 
100KHz 
3. Inductor selection: 
A. Maximum peak line current. Pin = Pout(max) 


Ipk ; _N2 x Pin_ ly : 
Vin ( min.) 
Example: 
lpk=1.41x250/80=4.42 amps 
B. Ripple current. 
Al =0.2x Ipk 
Example: | 
Al=0.2x4.42= 0.9 amps peak to peak 


C. Determine the duty factor at Ipk where 
Vin(peak) is the peak of the rectified line volt- 
age at low line. | 

Vo — Vin ( peak ) 

Vo 


Example: 
D=(400-113)/400=0.71 - 
D. Calculate the inductance. fs is the switching 

frequency. 

_VinxD 

fs x Al 

Example: | 
L=(113x.71)/(100,000x0.9)=0.89MH 

Round upto1.0mH. | 


4. Select output capacitor. With hold-up time, use | 
the equation below. Typical values for Co are 
1pF to 2uF per watt. If hold-up is not required 
use the second harmonic ripple voltage and to- 
tal capacitor power dissipation to determine 
minimum size of the capacitor. At is the hold-up 
time in seconds and V1 is the minimum output 


D= 
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capacitor voltage. 
2 x Pout x At 
Vo® — v1? 


Example: 
Co=(2x250x34msec)/(400-350)=450uF 


5. Select current sensing resistor. If current trans- 
formers are used then include the turns ratio 
and decide whether the output will be positive 
or negative relative to circuit common. Keep 
the peak voltage across the resistor low. 1.0V 
is a typical value for Vrs. 


Co= 


A. Find tlpk ( max ) = Ipk 4 


Example: 

lpk(max)=4.42+0.45 =~ 5.0amps peak 
B. Calculate sense resistor value. 

Pe = ak (max) 

Example: 

Rs=1.0/5.0=0.20 ohms. Choose 0.250hms 
C. Calculate the actual peak sense voltage. 

Vrs ( pk ) = Ipk ( max ) x Rs. 

Example: 

Vrs(pk)=5.0x0.25=1 .25V 


6. Set independent peak current limit. Rpk1 and 
Rpk2 are the resistors in the voltage divider. 
Choose a peak current overload value, 
Ipk(ovid). A typical value for Rpk1 is 10K. 


Vrs ( ovid ) = Ipk ( olvd ) x Rs 
Example: 
Vrs(ovid)=5.6x0.25=1.4V 


Vrs ( ovid ) x Rpk1 


Rpke = Vref 


Example: 
Rpk2=(1.4x10K)/7.5=1.87K. Choose 1.8K 


7. Multiplier setup. The operation of the multiplier 
is given by the following equation. Imo is the 
multiplier output current, Km=1, lac is the multi- 
plier input current, Vff is the feedforward volt- 
age and Vvea is the output of the voltage error 
amplifier. 

_ Km-x lac x (Wea -—1 ) 

vit? 

A. Feedforward voltage divider. Change Vin 

from RMS voltage to average voltage of the 


rectified input voltage. At Vin(min) the voltage 
at Vif should be 1.414 volts and the voltage at 


Imo 
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Vifc, the other divider node, should be about 
7.5 volts. The average value of Vin is given by 
the following equation where Vin(min) is the 
RMS value of the AC input voltage: 


Vin (av) =Vin (min) x0.9 


The following two equations are used to find 
the values for the Vff divider string. A value of 
1 Megohm is usually chosen for the divider in- 
put impedance. The two equations must be 
solved together to get the resistor values. 


7 __Vin (av ) x Rff3 
Vit=1.414V = ea Rife + Rif | 
7 _ Vin (av) x (Rff2 + Rff3) 
Vnode = 7.5V =—"" Bet + Rif2 + RAS 
Example: 


Rffi=910K, Rff2=91K, and Rff8=20K 


B. Rvac selection. Find the maximum peak line 
voltage. 


Vpk ( max ) = V2 x Vin ( max )} 
Example: a 
Vpk(max)=1.414x270=382Vpk 


Divide by 600 microamps, the maximum mul- 
tiplier input current. 


_ Vpk( max ) 
vac =~ S00E - 6 
Example: : 


Rvac=(382)/6E-4=637K. Choose 620K 


C. Rb1 selection. This is the bias resistor. Treat 
this as a voltage divider with Vref and Rvac 
and then solve for Rb1. The equation be- 
comes: 


Rb1 = 0.25 Rvac 
Example: 
Rb1=0.25Rvac=155K. Choose 150K 


D. Rset selection. Imo cannot be greater than 
twice the current through Rset. Find the multi- 
plier input current, lac, with Vin(min). Then 
calculate the value for Rset based on the 
value of lac just calculated. . 


Vin ( pk ) 
Rvac 


lac (min ) = 
Example: 
lac(min)=113/620K=1 82yA 


3.75 
2 x lac (min) 


Example: 


Rset = 
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Rset=3.75V/(2x182uA)=10.3Kohms. 
Choose 10Kohms 
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=15.7KHz 


D. Ccz selection. Choose a 45 oe phase 
margin. Set the Zero at the loop crossover fre- 


E. Rmo selection. The voltage across Rmo 
must be equal to the voltage across Rs at the 
peak current limit at low line input voltage. 


Vrs (pk ) x 1.12 
2 x lac( min ) 


| Example: 
Rmo=(1.25x1.12)/(2x182E-6)=3.84K. 
Choose 3.9Kohms 


8. Oscillator frequency. Calculate Ct to give the de- 
sired switching frequency. © 


1.25 
~ Reset xfs 


Rmo = 





Example: 
Ct=1.25/(10K x 100K)=1 .25nF. 
9. Current error amplifier compensation. 


A. Amplifier gain at the switching frequency. 
Calculate thevoltage across the sense resistor 
due to the inductor current downslope and 
then divide by the switching frequency. With 
current transformers substitute (Rs/N) for Rs. 
The equation is: 


Vox Rs 
Lx fs 
Example: 
AVrs=(400x0.25)/(0.001 x100,000)=1.0Vpk 


This voltage must equal the peak to peak am- 
plitude of Vs, the voltage on the timing capaci- 
tor (5.2 volts). The gain of the error amplifier 
is therefore given by: 


AVrs = 


Vs bj 11. 


Example: 
Gca=5.2/1.0=5.2 
B. Feedback resistors. Set Rci equal to Rmo. 
Rci = Rmo 
Rez = Gca x Rei 


quency. 


4 
2n x fci x Rez 


| Example: | 
Cez=1/(2nx15.7Kx20K)=507pF. 
Choose 620pF 


E. Ccp selection. The pole must be above fs/2. 


1 
p= 2n xfs x Rez 


Example: 
Ccp=1/(2nx1 00Kx20K)=80pf. 
Choose 62pF 


Cez = 


10. Harmonic distortion budget. Decide on a maxi- 


mum THD level. Allocate THD sources as nec- 
essary. The predominant AC line harmonic is 
third. Output voltage ripple contributes 14% 
third harmonic to the input current for each 1% 
ripple at the second harmonic on the output of 
the error amplifier. The feedforward voltage, 
Vff, contributes 1% third harmonic to the input 
current for each 1% second harmonic at the Vif 
input to the UC3854. 


Example: 


3% third harmonic AC input current is chosen 
as the specification. 1.5% is allocated to the 
Vif input and 0.75% is allocated to the output 
ripple voltage or 1.5% to Vvao. The remain- 
ing 0.75% is allocated to miscellaneous non- 
linearities. 


Voltage error amplifier compensation. 


A. Output ripple voltage. The output ripple is 
given by the following equation where fr is the 
second harmonic ripple frequency: 

Pin 


VOCPK) =p xox Vo 


Example: 
Vo(pk)=250/(211 20x450E- -6x400)= 1 84Vac 


Example: 
Rez=5.2x3.9K=20Kohms 
C. Current loop crossover frequency. 


Vout x Rs x Rez 
Vs x 2nL x Rei 


Example: | 
fci=(400x0.25x20K)/(5.2x22x0.001 x3.9K) 


fej = 
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B. Amplifier output ripple voltage and gain. 
Vo(pk) must be reduced to the ripple voltage 
allowed at the output of the voltage error am- 
plifier. This sets the gain of the voltage error 
amplifier at the second harmonic frequency. 
The equation is: 


AVvao x %Ripple 


Gva = Vo (pk) 


APPLICATION NOTE 


For the UC3854 Vvao is 5-1=4V 


Example: 
Gva=(4x0.015)/1.84=0.0326 


C. Feedback network values. Find the compo- 
nent values to set the gain of the voltage error 
amplifier. The value of Rvi is reasonably arbi- 
trary. 


Example: 
Choose Rvi=511K 


1 
~ Onx fr x Rvi xGva 


Example: 
Cvf=1/(21x120x511Kx0.0326)=0.08 uF. 


Choose 0.047uF 
D. Set DC output voltage. 


Rvi x Vref 
Vo — Vref 


Example: 
Rvd=(511Kx7.5)/(400-7.5)=9.76K. 
Choose 10.0K 


E. Find pole frequency. fvi = unity gain fre- 
quency of voltage loop. 


Cvt 


Rvd = 





fyi 2= Pin 
AVvao x Vo x Rvi x Co x Cvf x (21 )* 
Example: 
fvi = V(250/(4x400 x5 11 Kx450E-6x47E-9x39.5)) = 
19.1 Hz 
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F. Find Rvf. 
se IN ace, 
2m x fvi x Cvf 
Example: 
Rvf=1/(27x19.1x47E-9)=177K. Choose 174K 


12. Feedforward voltage divider capacitors. These 
capacitors determine the contribution of Vff to 
the third harmonic distortion on the AC input 
current. Determine the amount of attenuation 
needed. The second harmonic content of the 
rectified line voltage is 66.2%. %THD is the al- 
lowed percentage of harmonic distortion budg- 
eted to this input from step 10 above. 


_ %THD 
~ 66.2% 


Example: 
Gff=1.5/66.2=0.0227 


Use two equal cascaded poles. Find the pole 
frequencies. fr is the second harmonic ripple 
frequency. 


fp = VGff x fr 
Example: 
fp=0.15x120=18Hz 
Select Cffi and Cff2. 


1 
~ 2nx fp x Rff2 


1 
~ 2nx fp x Rff3 


Example: 
Cff1 =1/(2nx18x91K)=0.097uF. Choose 0.10uF 
Cff2=1/(2nx18x20K)=0.44uF. Choose 0.47uF 


Rvf 


Gff 





Cff1 


Cff2 


L. H. Dixon, “Average Current Mode Control of 
Switching Power Supplies,” Unitrode Power Supply 
Design Seminar Manual SEM700, 1990 (Reprinted 
in subsequent editions of the Manual.) | 


S. Freeland, “Input-Current Shaping for Single- 
Phase Ac-Dc Power Converters,” Ph.D. Thesis, 
California Institute of Technology, 1988 
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The UC3848 Average Current Mode Controller Squeezes 
Maximum Performance from Single Switch Converters 


by JOHN A. O’CONNOR 


ABSTRACT 


This application note describes the UC3848 average current mode PWM controller. The unique features of 
this controller are discussed, which make primary side average current mode control practical for isolated 
converters. The UC3848 employs a current waveform synthesizer which monitors switch current and simu- 
lates the inductor current down slope, generating a complete current waveform without actual secondary 
side measurement. Primarily intended for single ended converters, several additional features such as ac- 
curate duty-cycle and volt-second limiting allow maximum transformer and switch utilization. A three out- 
put, 200 watt off-line design example is presented which also features planar magnetics and a coupled 


output inductor. 


INTRODUCTION 


The UC3848 represents a significant advance in 
the control of single switch forward converters. 
Generally considered simple and reliable, but non- 
optimum in transformer and switch utilization, the 
single switch forward has previously been reserved 
for less demanding applications. Upon careful ex- 
amination however, it is apparent that many of the 
perceived limitations actually result from the con- 
trol circuitry rather than the converter topology it- 
self. 


The advantages that an inner current loop brings to 
power supply design and performance are well 
known [1]. Current mode control is usually pre- 
ferred over direct duty cycle control because of the 
superior input supply rejection and simplified volt- 
age loop closure. Average current feedback pro- 
vides additional advantages over the more 
common peak current feedback. Major benefits in- 
clude inherent slope compensation, better noise 
rejection, and the ability to operate with both con- 
tinuous and discontinuous inductor current. Addi- 
tionally, average current feedback provides 
significantly better closed current loop accuracy. 
This further improves input supply rejection and 
current limit accuracy. Average current feedback is 
detailed in the references [2,3,4]. 


Maximum power component utilization requires 
carefully defined and controlled operating mode 
boundaries. While this can be said of many con- 
verter topologies, it is particularly critical with the 
single switch forward because of the transformer 


reset mechanism. Energy in the transformer leak- 
age and magnetizing inductance must be removed 
after each energy transfer cycle. Above all, the 
control circuit must insure that this condition is 
achieved. Total losses are generally minimized by 
bringing the peak power transfer as close to the 
average as possible. This indicates that improve- 
ments in efficiency and component utilization are 
obtainable by maximizing duty-cycle. Unfortu- 
nately, maximizing duty-cycle conflicts with assur- 
ing transformer reset, traditionally requiring an 
overly conservative design to assure reliability. 


Previously, these characteristics have limited the 
single switch converter to low-power, low-end ap- 
plications. The UC3848 Average Current Mode 
PWM Controller allows operation beyond conven- 
tional limitations by employing highly accurate cir- 
cuitry to provide programmable operating 
boundaries, and by implementing an inner average 
current feedback loop for improved control charac- 
teristics and accuracy. This control circuit advance 
capitalizes on unique, patented circuitry, and the 
precision achievable with Unitrode’s thin-film resis- 
tor process. ; : | 


The UC3848 Average 
Current Mode PWM Controller 


The block diagram of the UC3848 shown in figure 
1, illustrates a number of unique functions. Al- 
though the IC can certainly be used for flyback, 
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Figure 2 


Inductor Current Waveform Synthesizer 
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boost, as well as other buck derived converters [4], 
the UC3848 has been optimized for forward con- 
verter use. The UC3848s precision functions bring 
switching power supply control to a new level: 


e Average Current Mode Control 

e Average Current Sense Signal Synthesizer 

e Programmable Maximum Duty-Cycle and 
Volt-Second Control 

e Under Voltage Lockout (UVLO) monitors 
Vcc, Vin, and Vref 

e 2 Amp peak MOSFET Driver with Active 

Low During UVLO 

8MHz gain-bandwidth Current Error Amplifier 

Latched PWM comparator 

Practical Operation up to 1MHz 

Low Start-Up Current (500uA) 

e Precision Reference (1% @ 5V) 


The sophistication and performance of the UC3848 
may at first appear contradictory to simple forward 
converter design. A truly simple implementation 
however, is best achieved by maintaining simple 
power circuitry, and placing the complexity and 
precision in the control circuitry where it can be in- 
tegrated into a single IC. | 


Average Current Mode Control 


Average current loop implementation first requires 
an average current signal for the control variable. 
This immediately presents a problem with isolated 
converters since this signal is entirely on the sec- 
ondary side. A current sense transformer cannot 
be used to directly sense output inductor current 
with buck derived converters since the inductor 
normally has a continuous DC component. A po- 
tentially complex and expensive solution is avoided 
with the realization that output inductor current is 
directly reflected to the primary during the switch 
on time. Simply scaling the switch current by the 
transformer turns ratio provides the rising portion of 
the inductor current waveform. When the switch is 
off, the inductor current decays at Vourt/L. This in- 
formation can be used to synthesize an analog of 
the actual output inductor current without any sec- 
ondary connections. 


Inductor current is synthesized by the UC3848 with 
a circuit that behaves similar to a track and hold 
amplifier, as shown in figure 2. While the switch is 
on, a unity gain buffer charges an external capaci- 
tor (Ci), essentially following the rising input current 
waveform. A one volt offset is also added to pro- 
vide sufficient headroom for the buffer’s output 
stage. When the switch turns off, a programmable 
current sink discharges the capacitor, simulating 


the actual inductor current decay. Several tech- — 
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niques are available for setting the discharge cur- 
rent, depending on the required accuracy of the 
current sense signal. If good short-circuit accuracy 
is required, an analog of the output voltage is re- 
quired to control the synthesizer capacitor dis- 
charge rate. There are two simple ways to derive 
this signal on the primary side. 


The first method uses a transformer bootstrap 
winding voltage as shown in figure 2. The average 
value of the rectified output and bootstrap winding 
voltages are directly proportional. By adding a 
separate rectifier and filter to this winding, the ca- 
pacitor discharge current can be programmed to 
track Vout. Typically, a bootstrap winding is em- 
ployed with off-line converters to power the control 
circuitry after initial start-up, so the raw signal is 
usually present at no additional cost. Note that an 
error is present during transients since the filter 
creates a lag between the output and the filtered 
bootstrap voltages. 


If the transient error is unacceptable, the technique 
shown in figure 3 can be used. A secondary wind- 
ing on the output inductor provides a voltage di- 
rectly proportional to the output without filtering. 
While the switch is off, Vout is across the output 
inductor. Any other. winding on the inductor will 
have a voltage proportional to Vout by the turns 





Figure 3 


lIOFF Generation using 
Second Inductor Winding 


ratio of the two windings. The sense winding recti- 
fier drop cancels the output rectifier drop when the 
turns ratio is 1:1, yielding excellent signal accuracy. 
While this approach is simple and accurate, it does 
come at additional expense since this winding is 


not normally required. Additionally, high voltage 


agency approved isolation is required for off-line 
converters, adding further cost and manufacturing 
complexity to the inductor. 


With either of these techniques, an offset current 
may be added to compensate for the synthesizer’s 
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Figure 4 


Average Current Feedback Loop 


one volt offset. Connecting a resistor with a value 
four times the lorr input resistor between the Vrer 
and lorr pins cancels the offset. 


Often, a fixed discharge current is acceptable. This 
is programmed by connecting a resistor between 
the Vrer and lorr pins. The synthesized current 
waveform is quite accurate when the output volt- 
age is near the regulating value, however an error 
exists during start-up and output short-circuit. Dur- 
ing a short, the current decays much slower since 
Vout is only the output rectifier and circuit resis- 
tance voltage drops. The current ripple also be- 
comes a small fraction of its value at the regulating 
voltage. The synthesizer however, discharges the 
capacitor as if the output were not shorted, and 
therefore underestimates the output inductor cur- 
rent. The short-circuit current will then exceed the 
programmed limit by almost one-half of the normal 
peak-to-peak ripple current. Typically, the inductor 
ripple current is 20% to 30% of the maximum DC 
value, corresponding to a short circuit current 10% 
to 15% higher than the maximum output current 
available at normal output voltage. 


The current error amplifier has sufficient gain to 
use a current sense resistor directly in most appli- 
cations. A current sense transformer however, re- 
sults in better performance by allowing a larger 
amplitude, lower noise signal. Ideally, the current 
sense signal is scaled to 4 volts at the maximum 
current level. The current transformer load resis- 
tance is then: 
Rs=4Vx Nx = (1) 

N = transformer turns ratio 

Ns = current transformer ratio 

IL = maximum load current 


where 
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PHASE 
(deg) 


Figure 5 


Open Current Loop Response 


With multiple secondaries, normalize all other 
loads to the main output through the turns ratio di- 
rectly. Note that for these calculations, output in- 
ductors and their effect on ripple current is not 
considered, since the UC3848 controls average, 
not peak current. Output inductances must be nor- 
malized to the main output through the turns ratio 
squared however, when calculating peak current 
and current ripple. 


The recommended nominal lorr current is 100y A, 
leaving C; the remaining current synthesizer com- 
ponent. — 


C= (100 x Nx Ng xLnorm ) (2) 


( Rs x Vour(nom)) 


where LNoRM = normalized output 
inductance 


Figure 5 shows the average current feedback loop. 
This inner loop is analogous to direct duty-cycle or 
voltage-mode control except that the control vari- 
able is output inductor current rather than output 
voltage. Properly compensated, the open loop gain - 
is comparable to peak current-mode’s at high fre- 
quency, and becomes orders of magnitude higher 
as frequency decreases. The open current loop re- 
sponse shown in figure 6 illustrates this behavior. 
This high open loop gain translates into high 
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Figure 6 


Duty-Cycle Limit Programming 


closed loop accuracy. In comparison, peak current 
mode relies entirely on it’s transfer function accu- 
racy, and has no means by which to reduce errors. 
This characteristic difference from peak current- 
mode is attributed to the current error amplifier’s 
compensation, and is key to the resulting perform- 
ance enhancements. 


The increased gain at low eauieney provides ex- 
cellent closed current loop accuracy, even when 
the inductor current becomes discontinuous. High 
open loop gain also allows greater filtering of the 
current sense signal with no degradation in closed 
loop accuracy. It is this characteristic, along with 
the larger amplitude signals that provides signifi- 
cantly reduced noise susceptibility in comparison 
to peak current-mode control. 


PWM Oscillator 


Oscillator programming is simplified by providing 
internally set charge and discharge currents. Ex- 
cellent initial accuracy and temperature stability 
are assured by precision thin-film resistors. Since 
only a timing capacitor (Cr) is required to set the 
frequency, external component error contribution is 
minimal. The precision high speed oscillator com- 
bined with short propagation delay through the 
PWM circuitry allows practical! meee up to 
1MHz. | 


A 200uA charge current and a 1800nA cseenaras 
current generates a sawtooth waveform with a well 
defined rise/fall relationship’ and accurate fre- 
quency. During discharge, the output driver is dis- 
abled, limiting the maximum duty-cycle to 90%. 
Note that this maximum can be reduced by the ac- 
curate, duty-cycle limit and the volt-second product 
limit circuits, which are explained in following sec- 
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VIN 





Figure 7 
Volt-Second Clamp 


tions. Oscillator frequency is programmed by: 


j 
(10k + Cy) (3) 


lf greater frequency accuracy is required, a trim re- 
sistor in parallel with Ct can be added to lower the 
frequency. The trim resistor should not be less than 
40kQ, limiting the maximum trim range to 25% be- 
low nominal. Frequency decrease as a function of 
trim resistance is shown on the UC3848 data 
sheet. 


F= 


Duty-Cycle Limiting and Soft Start 


The. conventional single switch forward converter 
design usually limits the maximum duty-cycle to 
50%. This limit however, is only required if a one- 
to-one clamp winding is employed to facilitate 
transformer core reset. While some designers still 
use this technique, a_ resistor/capacitor/diode 
(RCD) clamp has become more prevalent. The 
RCD clamp eliminates a transformer winding and 
potentially offers a wider duty-cycle range. Cur- 
rently, a 50% duty-cycle limit is primarily used be-. 
cause it can be accurately derived from a toggle 
flip-flop. To exploit a wider duty-cycle, an accurate, 
programmable duty-cycle clamp is required. 


The UC3848 employs a unique, patented tech- 
nique to limit the maximum duty-cycle to a value 
programmed by a resistive divider. The circuit util- 
izes a capacitor (Cpc) for integration only, and 
does not rely on its absolute value for maximum 
duty-cycle accuracy. The absolute value of Cpc 
does set the soft-start time constant, although high 
precision is not normally required for this function. 


Internally, the UC3848 capitalizes on the excellent 
matching characteristics achievable on an IC to im- 
plement a charge balanced loop. A matched tran- 
sconductance source and sink form a precision 
integrator circuit, as shown in figure 6. The current 
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source is externally programmed to Gm x Vpmax 
and is on continually. The current sink is internally 
set at Gm x 5V, and is switched on and off. The re- 
sulting discharge current is Gm(5V - pmax). The 
current source and sink charge and discharge 
Coc, while its voltage is compared with the oscilla- 
tor voltage. 


The current sink discharges Cpc from the time that 
the switch is turned on until the oscillator voltage 
becomes greater than Cpc’s voltage. For the re- 
mainder of the period, Cpc is charged by the cur- 
rent source. Note that Coc’s voltage is essentially 
a DC level with a very small ripple component un- 
less it is a particularly small value. Cpc maintains a 


constant voltage only if the average applied charge 


is zero. The charge balanced loop therefore forces 
IDISCHARGE X TON(max) to equal ICHARGE x 
TOFF(min). A large offset voltage between Cr and 
Cpc may be observed when measuring an actual 
circuit. This offset contributes negligible error since 
high DC loop gain reduces its effect by several or- 
ders of magnitude. 


While the circuit's operation may seem compli- 
cated, it couldn’t be easier to apply. A voltage di- 
vider from Vrer to Dmax as shown if figure 6 sets 
the maximum duty-cycle. The circuit inherently pro- 
vides soft-start. at initial power-up as Cpc charges 
to it's steady state value. Increasing Cpc extends 
the loop settling time, and hence the soft-start time 
constant, with no effect on the programmed maxi- 
mum duty-cycle. Note that the single pole loop re- 
sponse avoids overshoot, regardless of the 
integrating capacitor value. Soft-start after fault is 
explained in the under-voltage lockout section. 
Maximum duty-cycle and soft-start are pro- 
grammed by the following relationships: 


___ Ape 
PMAX= CRs + Fie) " 
tss= 20kx Coc (5) 
Volt-Second Product Limit 


During transients it may be desirable to limit the 
duty-cycle below the programmed maximum value. 
For example, active transformer reset circuits vary 
the clamp voltage inversely proportional to the in- 
put supply voltage [5]. During steady state opera- 
tion the peak MOSFET voltage varies much less 
than with passive clamp circuits. Unless the input 
voltage range is large, the peak MOSFET voltage 
will be fairly constant. This occurs because the ap- 
plied volt-second product remains constant over 
the entire operating duty-cycle range during steady 
state. Thus as the input voltage goes up and the 
duty-cycle decreases, the clamp voltage goes 
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down as the reset time increases. 


If during a transient the duty-cycle is allowed to in- 
crease excessively, the MOSFET will be subjected 
to significantly higher voltages. This assumes that 
the reset circuit's clamp voltage can slew rapidly. If 
it cannot, the magnetizing current will ratchet up, 
possibly saturating the transformer. Both scenarios 
are easily prevented by simply limiting the maxi- 
mum applied volt-second product. 


The UC3848 generates a voltage proportional to 
the volt-second product with the circuit shown in 
figure 7. A current directly proportional to the sup- 
ply voltage (Vin/Rvs) charges a capacitor (Cvs) 
while the MOSFET is on. When the MOSFET is 
turned off, the capacitor is discharged. Volt-second 
limiting is accomplished by comparing the capaci- 
tor’s voltage to a 4 volt reference, and terminating 
the pulse width for the remainder of the switching 
period. Normally, the worst case MOSFET voltage 
occurs during maximum input voltage at the volt- 
second limited duty-cycle. However, high turns ra- 
tio designs which allow a very wide duty-cycle may 
actually generate the highest MOSFET voltage 
during low-line at the volt-second limited duty-cy- 
Cle. 


Since the volt-second product is constant it can be 
calculated at any input voltage. The effectiveness 


LOW VOLTAGE BOOTSTRAP 





Figure 8 
Under Voltage Lockout 


of the volt-second limit however, should be ana- 
lyzed at minimum and maximum input voltage, in 
addition to a few more typical voltages. The voit- 
second product clamp is programmed by: 


Vinx Ton=4.0Vx Rys x Cvs (6) 
Under Voltage Lockout 


Programmable under voltage lockout (UVLO) fur- 
ther defines operating mode boundaries. Vcc, VIN, 
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and Vrer are monitored to insure that the chip 
supply, main input supply, and reference are within 
specification before enabling the output stage. Fig- 
ure 8 shows the block diagram of the UVLO cir- 
cuitry. 


The Vcc comparator monitors the chip supply volt- 

age. Hysteretic thresholds at 13V and 10V insure 
that sufficient voltage is available to power the chip 
and fully turn on the MOSFET. The Vin comparator 
monitors the input supply through a resistive di- 
vider. A small capacitor from UV to ground is usu- 
ally required to filter noise from this high 
impedance node. Both the thresholds and the hys- 
teresis are programmed by the divider values with 
the relationships: 


Avi 


VIN(ON)=4.5Vx(1 +7) 7 (7) 
Rvs . 
VIN( OFF) = 4.5Vx (1 +h (8) 
where Rye! = Ave ll 90k | 
Ry | 
VNC HYS) = 4. 5Vxa 90k | (9) 


When either the Vcc or the Vin comparator are 
low, the bias circuitry to the rest of the chip is off. 
The quiescent current (Icc) is nominally 500 A to 
facilitate off-line applications. Once both Vcc and 
Vin are within specification, the bias circuitry for 
the rest of the chip is activated. The output driver 
and Coc pin are still held low until VRerF exceeds 
the 4.5V threshold of the VRer comparator. When 
the VReF comparator goes high, control of the out- 
put driver transfers to the PWM circuitry and Coc is 
allowed to charge, soft-starting the supply. 


If any of the three monitored voltages falls below 
their threshold during start-up or normal operation, 
the UVLO latch is set, the output driver is held low, 
and Cpc is discharged. This state is maintained 
until Coc is fully discharged, at which point opera- 
tion is as described above. 


Output Driver 


High current transistors enable the output driver to 
deliver 2 amps peak allowing direct interface to 
any MOSFET typically used in single ended con- 
verters. The driver also incorporates self-biasing 
circuitry that maintains a low impedance to ground 
during UVLO. This assures that high dv/dt at Vin 
during power-up cannot inadvertently turn on the 
MOSFET through its miller capacitance. 


The combination of high peak current, stray circuit 
inductance, and capacitive gate load result in re- 
flections back to the driver, which if left unclamped, 
will cause erratic chip behavior. External schottky 
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diodes from the output to Vcc and ground will di-. 
vert the reflected current and assure reliable op- 
eration. A well designed layout with typical circuit 
values will normally require 1A, 20V_ schottky 
clamp diodes: Looser layouts, longer gate drive 
traces, and lower gate resistor values all place 
greater demand on the output clamping circuit, and 
may necessitate higher current diodes. 


Voltage Reference and Error Amplifier 


Since the UC3848 is intended for primary side con- 
trol, the voltage reference (VREF) does not affect 
output voltage stability. It does however, affect cur- 
rent limiting and the other precision circuits pre- 
viously mentioned, and has_ therefore been 
designed for good initial accuracy and temperature 
drift. The reference should be capacitively by- 
passed to reduce high frequency output i all 
ance and noise susceptibility. 


To facilitate wide bandwidth current loops, the error 
amplifier has an 8Mhz gain bandwidth product. 
Even with small current feedback signals such as 
from a current sense resistor, loop bandwidth will 
almost always be limited by external circuit charac- 
teristics rather than error amplifier limitations. The 
amplifier’s 8 V/s slew rate assures that even during 
large signal transients, external eoTpones will 
determine circuit behavior. | 


Design Example 


A 200 watt off-line supply utilizing the UC3848 is 
shown in figure 9. It delivers a regulated +5V at 
20A, and a semi- regulated +/-15V at 3.3A. The 
conversion frequency is 260kHz, which was deter- 
mined to be a reasonable compromise between 
size and efficiency. A coupled output inductor im- 
proves dynamic cross regulation and steers some 
of the +5V ripple current to the +/-15V filter capaci- 
tors [9]. This results in minimal total output capaci- 
tor volume. A bridge/doubler input rectifier allows 
operation over an input range of 85 to 265VAC. For 
simplicity and cost, an RCD clamp is employed to 
facilitate transformer reset. This common configu- 


— ration is typical of many commercial applications. 


The transformer turns ratio is selected to minimize 
MOSFET stress. Ideally, the maximum duty-cycle 
should be as large as possible, allowing the high- 
est turns ratio and lowest reflected load current. 
This must be balanced against the peak MOSFET 
voltage developed during transformer reset. _ 


Since the UC3848 can accurately define operating 
mode boundaries, any practical duty-cycle range 
can be used. This allows maximum utilization of 
both current and voltage capability of a particular 
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Figure 9 
200W 3 OUTPUT FORWARD CONVERTER 


MOSFET. The RCD clamp allows some trade-off in 
dissipation versus peak MOSFET voltage. Turns 
ratio and clamp optimization requires a good esti- 
mation of leakage inductance, switch capacitance, 
and transformer interwinding capacitance, since 
energy stored in these parasitics will be transferred 
or dissipated each switching cycle. RCD clamp op- 
timization is covered in detail in reference [6]. 


The design example transformer uses a 16:1 turns 
ratio (primary to 5 volt), allowing a wide input sup- 
ply range and reliable use of an 800V MOSFET. 
The MOSFET, an APT801R2BN from Advanced 
Power Technology [7], is rated at 800V and has 
1.2Q maximum on resistance at 25°C. A planar 
transformer and coupled output inductor from Sig- 
nal Transformer Co. [8] are used, which offer sev- 
eral advantages over custom wound components. 
Planar construction provides tighter parameter tol- 
erance. Compact, low profile magnetics help 
achieve high power density. Their standard design 
provides agency approved insulation and known 
performance characteristics, greatly reducing the 
number of iterations to produce a good power sup- 
ply design. 


The duty-cycle is limited to 0.6, maintaining regula- 
tion down to approximately 160 VDC in. With the 
switching frequency programmed for 260 kHz, the 
nominal volt-second product is 345 Vs. The volt- 
second clamp is programmed to 425 Vs to allow 
for tolerances and large signal transients. 


A current transformer senses switch current result- 
ing in minimal loss and good signal quality. A 
1000pF capacitor shunts the high frequency turn- 
on spike before feeding the current sense signal to 
the UC3848s current waveform synthesizer. A 
fixed lorr value renders an acceptable short circuit 
current for this application. Average short circuit 
losses are kept low by the hiccup action which oc- 
curs as the boot-strap supply colapses and the 
supply restarts. Highly accurate short circuit cur- 
rent is most advantageous when a continuous sup- 
ply is available for the control circuit such as in low 
voltage DC to DC converter applications. 


When the MOSFET is on, the current synthesizer’s 
lofF current is increased through a resistor con- 
nected to the gate driver output (R13). This allows 
Ci’s voltage to better follow rectifier reverse recov- 
ery spikes present in the current waveform. This 
technique allows minimal filtering of the current 
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Figure 10 
Voltage Feedback Loop 


sense signal, and thus preserves-accuracy. 


The coupled output inductor provides good dy- 
namic cross regulation, and steers some of the 5 
volt ripple current to the +/-15 volt outputs where it 
is more efficiently filtered. Although this technique 


minimizes size and complexity, it does negate two — 


major advantages of average current mode control. 
The average current loop maintains excellent regu- 
lation down to zero load for the fully regulated out- 
put. Unfortunately, the semi-regulated outputs will 
degrade quickly as the inductor current becomes 
discontinuous, forcing minimum loads for reason- 
able output voltage tolerance. Also, stray and leak- 


age inductance between the secondary | circuits | 
introduces parasitic tank circuits, which if under-— 


damped, will cause output ringing and instability. 
Generally, electrolytic output capacitors, low cou- 
pled inductor leakage inductance, and tight layout 
will allow successful implementation, although loop 
bandwidth must usually be compromised to main- 
tain Stability. Coupled output inductor design and 
application is detailed in reference [9]. 


Without the additional output circuitry parasitics, a 
single output supply with average current feedback 
has excellent regulation and transient response 
from zero to full load. There is also much less re- 
striction on output capacitor type, allowing small 
ceramic or film capacitors in many applications. Al- 
though the design example’s closed loop band- 
width is not as high as would be achievable with a 
single output, the electrolytic output capacitors 
store enough energy to provide good transient re- 
‘Sponse and low output impedance. 


Control-Loops 


A block diagram of the voltage feedback loop is 
shown in figure 10. For clarity, the inner average 
current feedback loop is shown as a transconduc- 
tance amplifier, and_.is identical to figure 4. Current 
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loop compensation is best described in the refer- 
ences [2,3], as a number of subtleties must be 
considered for optimal performance. The basic ap- 


proach is easily summarized: 


To avoid subharmonic oscillation of a single pole 
system, the amplified inductor current downslope 
at one input of the PWM comparator must not ex- 
ceed the oscillator ramp slope at the other compa- 
rator input. This puts an upper limit on the current 
amplifier gain, and indirectly sets the loop gain 
crossover frequency. As derived in [2], the resulting 
unity gain crossover frequency will be: 


a (fs Vin) a fs 
a (2n Vour) (2x D) 


The crossover frequency must be reduced in a 
practical system to account for tolerances and ad- 
ditional waveform slope injected by output voltage 
ripple through the voltage error amplifier. For the 
design example, fc is approximately 50kHz at the 
maximum duty-cycle. 


At the switching frequency, the average current 
loop’s behavior is similar to peak current mode 
control. Placing a zero at one-half the crossover 
frequency increases the loop gain with decreasing 
frequency, providing high closed current loop accu- 
racy. To further reduce noise susceptibility, a pole 
is placed at the switching frequency. While such a 
low frequency filter is completely unacceptable 
with peak sensing, the high gain at low frequency 
assures accurate current limiting. It is these funda- 
mental differences from peak current mode which 
provide the performance enhancements. 


The voltage loop reference and error amplifier re- 
side on the secondary side as typically configured 
in off-line power supplies. A UC19432 incorporates 
a high precision reference, voltage error amplifier, 
and programmable transconductance amplifier for 
accurate opto-coupled feedback. Voltage loop 
compensation is normally the same as with peak 
current mode control and is described in detail in 
the references [2,9,10]. As previously noted, an ad- 


(10) 


ditional LC pole resulting from leakage and stray 


inductance requires. additional compensation. Ulti- 
mately, this parasitic restricts the bandwidth of this 
coupled inductor design example, although tran- 
sient response is still quite good. The same control 
configuration with a single output supply provides 
optimal performance and allows simpler compen- 
sation. 


Summary 


The UC3848 clearly demonstrates the next level of 
switching power supply control achievable with im- 
proved techniques and precision circuitry. High 
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performance and high power density objectives 
coupled with the need for simplicity and low cost 
have called for further refinement of single switch 
conversion. The UC3848 answers that call combin- 
ing precision circuitry, average current mode con- 
trol and function flexibility, allowing optimal power 
component utilization and performance. 
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PHASE SHIFTED, ZERO VOLTAGE TRANSITION 
DESIGN CONSIDERATIONS and the 
UC3875 PWM CONTROLLER 


BILL ANDREYCAK 


ABSTRACT 


This Application Note will highlight the design considerations incurred in a high frequency power supply us- 
ing the Phase Shifted Resonant PWM control technique. An overview of this switching technique including 
comparisons to existing fixed frequency non-resonant and variable frequency Zero Voltage Switching is in- 
cluded. Numerous design equations and associated voltage, current and timing waveforms supporting this 
technique will be highlighted. A general purpose Phase Shifted converter design guide and procedure will 
be introduced to assist in weighing the various design tradeoffs. An experimental 500 Watt, 48 volt at 10.5 
amp power supply design operating from a preregulated 400 volt DC input will be presented as an exam- 
ple. Considerations will be given to the details of the magnetic, power switching and control circuitry areas. 
A summary of comparative advantages, differences and tradeoffs to other conversion alternatives is in- 
cluded. 


UC3875 CONTROL CIRCUIT SCHEMATIC 
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Figure 1 
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INTRODUCTION 


The merits of lossless transitions using Zero Volt- 
age Switching techniques have already been es- 
tablished in power management applications. [1-5] 
Effects of the parasitic circuit elements are used 
advantageously to facilitate the resonant transi- 
tions aS opposed to being dissipatively snubbed. 
This resonant tank functions to position zero volt- 
age across the switching device prior to turn-on, 
eliminating any power loss due to the simultaneous 
overlap of switch current and voltage at each tran- 
sition. High frequency converters operating from 
high voltage input sources stand to gain significant 
improvements in efficiency with this technique. The 
full bridge topology as shown in figure 2. will be the 
specific focus of this presentation, with an empha- 
sis placed on the fixed frequency, phase shifted 
mode of operation. 


Full Bridge Topology - General Circuit 


QA , | ‘a 


- - 





Vo 


Figure 2 
SWITCH DRIVE COMMANDS 


The diagonal bridge switches are driven together in 
a conventional full bridge converter which alter- 
nately places the transformer primary across the 
input supply, Vin, for some period of time, t(on) as 
shown in figure 3. 


Power is only transferred to the output section dur- 
ing the ON times of the switches which corre- 
sponds to a specific duty cycle when operated at 
fixed frequency. Additionally, the complete range of 
required duty cycles is unique to the application, 
and can be estimated from the power supply input 
and output voltage specifications. 


90 D7 > 
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Conventional Full Bridge PWM Waveforms 


—s es 





- Figure 3 | 


Rather than driving both of the diagonal full bridge 
switches together, a deliberate delay will be intro- 
duced between their turn-on commands with the 
Phase Shifted approach. This delay will be ad- 
justed by the voltage loop of the control circuitry, 
and essentially results as a phase shift between 
the two drive signals. The effective duty cycle is 
controlled by varying the phase shift between the 
switch drive commands as shown in figure 4. 


Unique to this Phase Shifted technique, two of the 
switches in series with the transformer can be ON, 


yet the applied voltage to the transformer is zero. 


These are not diagonal switches of the full bridge 
converter, but either the two upper or two lower 
switches. In this mode the transformer primary is 
essentially short circuited and clamped to the re- 
spective input rail. Primary current is maintained at 
its previous state since there is no voltage avail- 
able for reset to take place. This deadband fills the 
void between the resonant transitions and power 
transfer portion of the conversion cycle. Switches 
can be held in this state for a certain period of time 
which corresponds to the required off time for that 
particular switching cycle. 


When the correct one of these switches is later 
turned off, the primary current flows into the switch 
output capacitance (Coss) causing the switch drain 
voltage to resonate to the opposite input rail. This 
aligns the opposite switch of the particular bridge 
“leg” with zero voltage across it enabling Zero Volt- 
age Switching upon its turn ON. 


9-394 


APPLICATION NOTE U-136 
Phase Shifted PWM Control Waveforms 








VERR -—\ | _ ae on Ce ee 


Ge ae cee 





SYNC 
FREQ 

















OUT A 
OUT B 








DLY A/B 





OUT C 





OUT D 
DLY C/D 

















PWM A/D 


PWM B/C 





Figure 4 


ZVS FUNDAMENTALS 


An intentional dead-time can be introduced in the 

power conversion cycle whereby the switch re- VIN 
mains off and is clamped at zero voltage by the 

resonant tank. Rather then turn the switch on in- 

stantly when zero voltage is attained, the switch is 

held off while the primary current circulates into the 

shorted primary through the body diode and the 

opposite leg switch, which is still on. This offtime is § VPRI 
used to fill in the voids between the point where 

zero voltage has been reached where the switch 

needs to turned on to achieve fixed frequency op- 

eration. — 


Fixed frequency operation is obtainable over an 
identified range of input voltages and output cur- 
rents. For reference purposes, the variable fre- 0 
quency ZVS technique has similar limitations for 
proper operation which occur at minimum output ; 
load and maximum input line as shown in figure 5. Figure 5 
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ZVS Limitations 
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SWITCH POINT 
Figure 6 


PHASE SHIFTED FUNDAMENTALS 


Switches within the Phase Shifted full bridge con- 
verter will be utilized differently than those of its 
nonresonant counterpart. Instrumental to this tech- 
nique is the use of the parasitic elements of the 
MOSFET switch’s constructuin. The internal body 
diode and output capacitance (Coss) of each de- 
vice (in conjunction with the primary current) be- 
come the principal components used to accomplish 
and commutate the resonant transitions. 


CIRCUIT SCHEMATIC AND DESCRIPTION 


Detailed operation of the Phase Shifted Converter 
operation will begin following a description of the 
circuit elements. The circuit schematic of this tech- 
nique is shown in figure 7. including voltage and 
current designations. 


The basic circuit is comprised of four switches la- 
beled QA through QD and is divided up into two 
“legs”, the right and left hand legs. Each switch is 
shown shunted by its body diode (DA through DD) 
and parasitic output capacitance, (CA through CD). 
These have been identified separately to clarify the 
exact elements and current paths during the con- 
version interval. 


A detailed model of the transformer primary section 
is presented which separately indicates the leak- 
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Phase Shifted PWM Switch Orientation 


Vo 





Figure 7 


age and magnetizing inductances and currents of 
the primary. The reflected secondary contributors 
to primary current are also shown for complete- 
ness, and divided into two components. The DC 
primary current (IP) is the secondary DC output 
current divided by the transformer turns ratio (N). 
The secondary AC current should also accounted 
for by multiplying the output inductance by the 
turns ratio squared (N“2), or dividing the secon- 
dary AC ripple current Isec(ac) by the turns ratio 
(N) as shown in figure 8. 


Primary Magnetic Components 
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Figure 8 
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INITIAL CONDITIONS : t = t(0) 


The description of the Phase Shifted operation will 
begin with the conclusion of one power transfer cy- 
cle. This occurs when the transformer had been 
delivering power to the load and two of diagonal 
switches of the converter were conducting. The in- 
itial current flowing in the primary can be desig- 
nated as Ip(t(0)). 


INITIAL CONDITIONS: 
time t<t(0) 
Qa = ON, Qo = ON 





Figure 9 


RIGHT LEG RESONANT TRANSITION : INTER- 
VAL: t(0) <t <t(1) 


The primary current flowing at time t(0) is equal to 
Ip(t(0)) and was being conducted through the di- 
agonal set of transistors QA in the upper left hand 
corner of the bridge and transistor QD in the lower 
right. Instantly, at time t(0) switch QD is turned off 
by the control circuitry which begins the resonant 
transition of the right hand leg of the converter. 


The primary current flowing is maintained nearly 
constant at Ip(t(0)) by the resonant inductance 
(Lp(res)) of the primary circuit, often referred to as 
ihe transformers leakage inductance. Since an ex- 
) Peonesind , ‘ded iter t 


nective Ieakaoe iad ecth ; 
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In a practical appli- 
cation it may be difficult to accurately control the 
transformers leakage inductance within an accept- 
able ZVS range, necessitating an external “shim” 
inductor to control the accuracy. It’s also possible 
that the transformer leakage inductance can be too 
low to provide the desired transition times for the 
application so an external inductor can be intro- 
duced to modify the resonant inductance. 


With switch QD turned off, the primary current con- 
tinues to flow using the switch output capacitance, 


RIGHT LEG TRANSITION — 
time t(0)<t<t(1) 
Qa = ON, QD = ON Cc =}, Co =f 


Qa Cc 
= 
Vo 
Co 





Figure 10 


Coss to provide the path. This charges the switch 
capacitance of QD from essentially zero volts to 
the upper voltage rail, Vin+. Simultaneously, the 
transformer capacitance (Cxfmr) and the output 
capacitance of switch QC is discharged as its 
source voltage rises from the lower to the upper 
rail voltage. This resonant transition positions 
switch QC with no drain to source voltage prior to 
turn-on and facilitates lossless, zero voltage 
switching. | 
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The primary current causing this right leg transition 
can be approximated by the full load primary cur- 
rent of IP(t(0)). The small change due to the barely 
resonant circuit contribution is assumed to be neg- 
ligible in comparison to the magnitude of the full 
load current. os 


During this right leg transition the velage across 
the transformers primary has decreased fom Vin to 
zero. At some point in the transition the primary 
voltage drops below the reflected secondary volt- 
age, Vout*N. When this occurs the primary is no 
longer supplying full power to the secondary and 
_ the output inductor voltage changes polarity. Simul- 
taneously, energy stored in the output choke be- 
gins supplementing the decaying primary power 
until the primary contribution finally reaches zero. 


Once the right leg transition has been completed 
there is no voltage across the transformer primary. 
Likewise, there is no voltage across the transform- 
ers secondary winding and no power transferred, 
assuming ideal conditions. Note that the resonant 
transition not only defines the rate of change in pri- 
mary and secondary voltages dV/dt, but also the 
rate of change in current in the output filter net- 
work, dil/dt. 


CLAMPED FREEWHEELING INTERVAL 
Time t(1) <t <t(2) 


Once the right leg transition is complete the pri- 
mary current free wheels through transistor QA and 
the body diode of switch QC. The current would re- 
main constant until the next transition occurs as- 
suming that the components were ideal. Switch 
QC can be turned on at this time which shunts the 
body diode with the FET Rds(on) switch imped- 
ance thus lowering conduction losses. Although 
current is flowing opposite to the normal conven- 
tion (source to drain) the channel of QC will con- 
duct and divide the current between the switch and 
body diode. 


LEFT LEG TRANSITION : 
Time t(2) <t <t(3)__ 
At time t(2) a residual current was flowing in the 


primary of the transformer which is slightly less 
than IP(t(0)) due to losses. Switch QC has been 
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previously turned ON and switch QA will now be 
turned OFF. The primary current will conus to 


CLAMPED FREEWHEELING INTERVAL 
time t(1)<tet(2) 
Qa = ON, Qc = ON, De = ON 





Figure 11 


flow but the path has changed to the output capaci- 
tance (Coss) of switch QA instead of its channel. 
The direction of current flowing causes the drain to 
source voltage of switch QA to increase and lowers 
its source from the upper to lower rail voltage. Just 
the opposite conditions have occurred to switch 
QB which previously had the full input across its 
terminals. The resonant transition now aligns 
switch QB with zero voltage across it, enabling 
lossless Switching to occur. 


Primary current continues to flow and is clamped 
by the body diode of switch QB, which is. still OFF. 
This clamping into a short circuit is a necessary 
condition for fixed frequency, zero voltage switch- 
ing. Once switch QB is turned ON, the transformer 
primary is placed across the input supply rails 
since switch QC is already ON and will begin to 
transfer power. Although zero voltage switching 
has already been established, turning ON switch 
QB the instant it reaches zero voltage will cause 
variable frequency operation. 
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LEFT LEG TRANSITION 
time t(2)<t<t(3) 
Qa = OFF, Qc = ON, Dc = ON Ca ={, Ca =f 
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+ 
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Figure 12 


Note that this left leg transition will require more 
time to complete than the right leg transition. Con- 
duction losses in the primary switches, transformer 
winding and interconnections result in a net DC 
voltage drop due to the flowing primary current. 
Energy stored in the series resonant inductor and 
magnetizing inductance is no longer ideally 
clamped to zero voltage. This loss, in addition to 
the losses incurred during the previous transition, 
reduce the primary current below its initial (IP(t(0)) 
value, thus causing a longer left leg transition time 
than the right leg. 


Unlike conventional power conversion, one transis- 
tor in the diagonal pair of the phase shifted full 
bridge converter is ON just before power is trans- 
ferred which simplifies the gate drive. An additional 
benefit is realized by designating these commutat- 
ing switches as the high side switches of the con- 
verter, usually far more difficult to drive than their 
lower side counterparts. 
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POWER TRANSFER INTERVAL 
Time t(3) <t <t(4) 


This interval of the phase shifted cycle is basically 
identical to that of conventional square wave 
power convesion. Two diagonal switches are ON 
which applies the full input voltage across the 
transformer primary. Current rises at a rate deter- 
mined by Vin and the series primary inductance, 
however starts at a negative value as opposed to 
zero. The current will increase to a DC level equal 
to the output current divided by the turns ratio, 
lout/N. The two time variant contributors to primary 
current are the magnetizing current (Imag) and the 
output inductor magnetizing contribution reflected 
to the primary, Lout/N*2. The exact switch ON time 
is a function of Vin, Vout and N the transformer 
turns ratio, just as with conventional converters. 


POWER TRANSFER INTERVAL 
time t(3)<t<t(4) 
Qs = ON, Qc = ON 


Qa Cc 
| 

/ Vo 

Co 





Figure 13 
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SWITCH TURN OFF; 
TIME t(4) 


One switching cycle is concluded at time t(4) when 
QC the upper right hand corner switch is turned 
OFF. Current stops flowing in QC’s semiconductor 
channel but continues through the parasitic output 
capacitance, Coss. This increases the drain-to- 
source voltage from essentially zero to the full in- 
put supply voltage, Vin. The output capacitance of 
the lower switch in the left hand leg (QD) is simul- 
taneously discharged via the primary current. Tran- 
sistor QD is then optimally positioned for zero 
voltage switching with no drain-to-source voltage. 


The current during this interval is assumed to be 
constant, simplifying the analysis. In actuality, it is 
slightly resonant as mentioned in the right leg tran- 
sition, but the amplitude is negligible in comparison 
to the full load current. The power conversion inter- 
val is concluded at this point and an identical 
analysis occurs as for the opposite diagonal switch 
set which has thoroughly been described for the 
switch set QA and QD. 


OPERATIONAL WAVE FORMS 


VA 
* = ft 
VPRI ty 


IPRI 


ID14 
= cs 
ID15 


Ss 


t= 01234 
Figure 14 
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RESONANT TANK CONSIDERATIONS 


The design of the resonant tank begins with the se- 
lection of an acceptable switching frequency; one 
selected to meet the required power density. Sec- 
ond, the maximum transition time must also be es- 
tablished based on achievable duty cycles under 
all operating conditions. Experience may provide 
the best insight for acceptable results. 


Lp eT Pg PIS oa SS rareileh leq’ 4ranail ing ai 


minim | rren 


RESONANT CIRCUIT LIMITATIONS 


Two conditions must be met by the resonant circuit 
at light load, and both relate to the energy stored in 
the resonant inductor. One, there must be enough 
inductive energy stored to drive the resonant ca- 
pacitors to the opposite supply rail. Two, this transi- 
tion must be accomplished within the allocated 
transition time. Lossy, non-zero voltage switching 
will result if either, or both are violated. The first 
condition will always be met when the latter is used 
as the resonant circuit limitation. 


Designers can argue that some switching loss may 
be of little consequence in a practical application at 
very light loads - especially considering that there 
is a significant benefit at heavy loads. While this 
may be a pragmatic approach in many applica- 
tions, and a valid concern, this presentation will 
continue using the fully lossless mode as the ulti- 
mate design goal. 


The stored inductive energy requirement and 
specified maximum transition time have also de- 
fined the resonant frequency (Wr) of the tank cir- 
cuit. Elements of this tank are the the resonant 
inductor (Lr) and capacitor (Cr), formed by the two 
switch output capacitors, also in parallel with the 
transformer primary capacitance Cxfmr. The maxi- 
mum transition time cannot exceed one-fourth of 
the self resonant period, (four times the self reso- 
nant frequency) to satisfy the zero votlage switch- 
ing condition. 


The resonant tank frequency, Wr : 


1 
sa (Lrx Cr) 0.5 


t( max ) transition= 4x Wr 


Coss, the specified MOSFET switch output capaci- 
tance will be multiplied by a 4/3 factor to accommo- 
date the increase caused by high voltage 
operation. During each transition, two switch ca- 
pacitances are driven in parallel, doubling the total 
capacitance to 8/3 * Coss. Transformer capaci- 
tance (Cxfmr) must also be added as it is NOT 
negligible in many high frequency applications. 


9-400 


APPLICATION NOTE 


The resonant capacitance, Cr : 
Cr=[( : Coss)+ Cxfmr ] 


The capacitive energy required to complete the 
transition , W(Cr) is: 


W( Cr) =3 x Crx VPri“2 
This energy can also be expressed as: 


W(Cr)= [(4x Coss ) + Cxfmr] x Vin’2 


STORED INDUCTIVE ENERGY 


The energy stored in the resonant inductance must 
be greater than the energy required to charge and 
discharge the FET output and transformer capaci- 
tances of the leg in transition within the maximum 
transition time. 


Inside the transformer, all of the energy is stored in 
the leakage inductance since the secondary cur- 
rent has clamped the transformers primary voltage 
to essentially zero. This causes high circulating pri- 
mary current (as shown in figure 8) in the physical 
winding but has no effect on the stored energy 
used to perform the ZVS transition. More detail 
about the tradeoffs and design optimization is pre- 
sented in the Design Procedure. 


The energy stored in the resonant inductor, Lr: 
MLN =3 x Lr x Ipri 2 


RESONANT CIRCUIT SUMMARY 


There are several ways to arrive at the solutions 
for the resonant inductor value and minimum pri- 
mary current required for any application. Each of 
these is based upon the following fundamental re- 
lationships. 


The resonant tank frequency must be at least four 
times higher than the transition time to fully reso- 
nate within the maximum transition time t(max) at 
light load. 


Fres= 4x t( max ) 
1 
= or 
t( res) 


1 1 
Fres (4x t( max) ) 


Fres 





t( res)= 


where Wr=2 x1 x Fres 


__2xn 
~ t( res) 
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Reorganizing and combining these relationships; 
wl (2x) | 

(4x t( max) ) 
se tt i nce 
"(2x t( max ) ) 
The resonant radian frequency (Wr) is related to 
the resonant components by the equation: 
openers Se enee 
~ (Lrx Cr) %2 
Both sides of this can be squared to simplify the 
calculations and reorganized to solve for the exact 
resonant inductor value. 
oe ceca 
~ (Wr’2 x Cr) | 
Previously outlined relationships for Wr and Cr can 


be introduced to result in the following specific 
equation. 


Wr 


Wr 


Lr 


1 


ei 8 

fe Stumax) | 2 at 3 x Coss)+Cxtmr 

Note that this figure indicates the exact resonant 
inductor value required to satisfy only the task of 
resonant transitions. This resonant inductor is in 
series with the transformer primary hence also de- 
fines the maximum primary current slew rate, di/dt 
as a function of input voltage. 


dIPri_ Vin 
dt Lr 


If the resonant inductor value is too large it may 
take too long to reach the necessary load current 
within the conversion cycle. The calculated induc- 
tor value satisfies the light load condition, however 
full load operation must also be evaluated. Details 
of possible solutions to this are highlighted in the 
Practical Applications section of this paper. 


tr= 





STORED ENERGY REQUIREMENTS 


As detailed, the energy stored in the resonant in- 


_ ductor must be greater than the capacitive energy 


required for the transition to occur within the allo- 
cated transition time. The governing equations are 
summarized below. 


5 x Lex IPri( min) 72 > 5x OrK Vin (max ) 72, or 


Lrx IPri(min) *2 > Crx Vin( max) 72 


Since Cr and Vin are known or can be estimated 
for a given application, this term becomes a con- 
stant and Lr has been quantified. 
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APPLICATION NOTE 
MINIMUM PRIMARY CURRENT 


The minimum primary current required for the 
phase shifted application can now be determined 
by reorganizing the previous equation. 


IPri( min ) = ae 10.5 


This value can be supported by the calculating the 
average current required to slew the resonant ca- 
pacitor to the full rail voltage. Although this figure 
will be lower that IP(min) it can be used as a confir- 
mation of the mathematics. , 

Vin 
t( max ) 





IR ( average) = Crx 


Obtaining the necessary amount of primary current 
can be done in several ways. The most direct ap- 
proach is to simply limit the. minimum load current 
to the appropriate level. One alternative, however, 
is to design the transformer magnetizing induc- 
tance accordingly. Also assisting the magnetizing 
current is the reflected secondary inductor current 
contribution which is modeled in parallel. Any duty 
cycle variations modifying the peak charging cur- 
rent must also be taken into account. 


Generally the magnetizing current alone is insuffi- 
cient in many off-line high frequency converters. 
The transformer is usually cores loss limited which 
means numerous primary turns and a high mag- 
netizing inductance. Shunting the transformer pri- 
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mary with an external inductor to develop the right 
amount of primary current is one possibility. Incor- 
porating the output filter inductor magnetizing cur- 
rent to assist resonance on the primary side is also 
an alternative. . Bs _— 


PHASE SHIFTED PWM CONTROL CIRCUITRY 


Probably the most critical control aspect in the 
phase shifted PWM technique is the ability to span 
the full 0 to 180 degree phase shift range. Falling 
short of performance on either end of the spectrum 
can place unnecessary burdens on the fault pro- 
tection circuitry or primary switches. Loss of control 
at either extreme will result in catastrophic conse- 
quences by simultaneously turning on both transis- 
tors in a given “leg” of the converter. The UC3875 
Phase Shifted controller features the required cir- 
cuitry to deliver both zero and effectively full duty 
cycle - effortlessly. Additionally, the UC3875 con- 
troller is utilized to perform the necessary control, 
decoding, protection and drive functions for this ap- 
plication. Peak current mode control is imple- 
mented for this example although the IC is equally 
suited for conventional voltage mode control, with 
or without input voltage feed forward. When used 
in current mode, the IC accepts a zero to 2.7 volt 
amplitude maximum current senses input and 
makes adding slope compensation a simple func- 
tion. | 













UC3875 Block Diagram 
i . : B HO] Vc 
FREQ. (l}-{High Speed Oscillator ; mie Ba iq OUT A 
SE | fa] PWR GND 
CLOCK 
SyNO 4 | ib 
Ramp Generator & Time Delay B Fy 13 OUT B 
SLOPE [18 Slope Compensation Se ig Bare 
. fig] SET 
1.3V 
RAMP i 
pa ae 
E/A OUT 
E/A(-) (5 | [Time Delay D}-—F) > epOUr 8 
eel ee i er 
ef 
SOFT-| A Vin 
Sani & es < 
REFERENCE TE 
Saas GENERATOR °* 
C/S(+) [5| eurens 10.75/9.25V 
- -1Soft-Start 1] Vrer 
2.5V Logic at 


a 
Figure 16 
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APPLICATION NOTE 


UNITRODE UC3875 PHASE SHIFTED PWM 
CONTROL IC - BLOCK DIAGRAM 


A synchronizable oscillator is programmed by a re- 
sistor capacitor network from the frequency set pin 
to ground. Synchronization is performed by driving 
the SYNC pin from another UC3875 or external cir- 
cuitry. The precision 5.0 volt bandgap reference is 
available to program the noninverting input of the 
error amplifier as well as optional external func- 
tions. Output regulation is achieved using the 7 
MHz gain-band width on-board error amplifier 
which feeds the high speed PWM circuitry. Soft 
starting is accomplished with a capacitor to ground 
which gradually increases the error amplifier out- 
put, corresponding to pulse width, phase shift or 
peak current, depending on the exact implementa- 
tion. This signal is compared to the Ramp input of 
the IC having a usable input range from zero to 2.7 
volts. 


Delays between the output drive commands to fa- 
cilitate Zero Voltage Switching are programmed at 
the Delay Set inputs. One unique feature of the 
UC3875 is the ability to separately program the A- 
B output delays differently from the C-D outputs. 
This capability accommodates the different primary 
currents during one switching cycle which cause 
and result in different resonant transition times be- 
tween the leading and falling edges. Inability to 
program each of these durations will generally re- 
sult in lossy, non-zero voltage switching of the full 
bridge converters switches under some operating 
conditions. . 


The four UC3875 output totem poles can each de- 
liver a two amp peak gate drive current, more than 
adequate in a high frequency transformer coupled 
gate drive application. To minimize noise transmit- 
ted back to the analog circuitry, the output section 
features its own collector power supply (Vc) and 
ground (PGND) connections. Local decoupling ca- 
pacitors and series impedance to the auxiliary sup- 
ply further enhances performance. 


Fault protection is established by the programma- 
ble current limit circuitry. Full cycle restart corre- 
sponding to the time programmed by the soft start 
interval minimizes power dissipation in a short cir- 
cuited output. 
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TYPICAL APPLICATION CIRCUIT SCHEMATIC 
SUMMARY 


The fixed frequency phase shifted control tech- 
nique of the full bridge converter offers numerous 
performance advantages over the conventional ap- 
proach. switching losses due to the simultaneous 
overlapof voltage and current disappear along with 
the dissipative discharge of the FET output capaci- 
tance. EMI/RFI is significantly lower, also due to 
the "soft" switching characteristics which incormpo- 
rate parasitic elements of the power stage acvan- 
tageously. For most applications, there is little 
reason to consider the traditional square wave 
counterpart of theis phase shifted PWM technique 
for future designs. 


Very high frequency operation of this technique, 
beyond 500 KHz, is probable above the optimal 
operating point. Transition times quickly erode the 
usable duty cycle to a point where the transformer 
turns ratio has been compromised. This could re- 
sult in unreasonably high primary currents and re- 
power loss in the switches. Any incremental gains 
in cost or power density by reducting the size of 
the output filter are probably nullified by the needs 
for larger MOSFETs and heatsinks. This phase 
shifted PWM technique does excel in the overall 
majority of mid to high power, off-line applications. 
Peak efficiency will be obtained in applications with 
moderate load ranges, however excellent results 
can also be obtained in most designs with load 
ranges of ten-to one. A subgroup of applications 
may exist where non ZVS operation extremely light 
loads is acceptable, especially when the advan- 
tages under all other operating conditions are con- 
sidered. Additionally, the Unitrode UC3875 Phase 
Shifted Controlller IC has been introduced to sim- 
plify the control circuit design challenge. Features 
of the UC3875 include 2 MHz operation and four 2 
amp peak totem-pole output drivers for high fre- 
quency applications. Separate programming of the 
different AD and BC leg transition intervals has 
made available to optimize converter performance. 


Finally, the flexible control logic permits current 
mode or voltage mode control, with or without input 
voltage feed forward. The complexity of control, 
drive and protection of the fixed frequency phase 
shifted converter has been fully addressed in a sin- 
gle integrated solution. 
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UC3875 Phase Shifted PWM Converter 
Control and Output Circuit Schematic 





Figure 17 


UC 3875 Phase Shifted PWM Converter 
Control and Drive Circuit Schematic 


ce | As ces 





Figure 18 
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UC3875 F.B.P.S. CONVERTER 
LIST OF MATERIALS 
CAPACITORS 


All are 20 VDC Ceramic Monolithic or Mul- 
tilayer UNLESS "*" indicated. 


Ci=1 uF 

C2= 47 wF/25V ELECTROLYTIC 

C3= 1 uF 

C4= 1 uF 

C5= 75 pF/16V POLYSTYRENE 

C6= 0.001 wF 

C7, 8= 0.01 LF 

C9= 470 pF 

C10=0.1 pF 

C11= 1 wF/450VDC POLY 

C12= 47u/450VDC ELECTROLYTIC 
C13= 1.2uF/450 VDC POLY 

C14= 1nF/100VDC 

C15, 16= 220uF/63VDC ELECTROLITIC 
C17= TBD 

C18= 1pF 

C19= 22 wF/25VDC ELECTROLITIC 
C20= 1 uF 

C21= 2.7 nF/200V POLY/low ESL&ESR 


DIODES | 

D1-8= 1N5820 3A/20V SCHOTTKY 
D9-12= 1N4148 

D13= 12V 3W ZENER 

D14,15= 15A/200V FAST RECOVERY 


INDUCTORS 
L1= 47pH/3A 
L2= 100nH/15A 


MOSFET TRANSISTORS 
QA-D=IRF840 NMOS 
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RESISTORS 


All are 1/2 Watt, 1%, Metal Film UNLESS 
"*" indicated 


R1= 75K 

R2= 2K 

R3= 3K 

R4= 470 Ohm 

R5= 3K 

R6= 100 Ohm 

R7, 8= 6.8K 

R9= 43K 

R10= 150K 

R11, 12= 10 Ohm 
R13= 20 Ohm 
R14-17= 10K 
R18= 3.6K, 1WATT 
R19= 36K 

R20= 1K 

R21= TBD 

R22= TBD 

R23= 110 Ohms/5W Carbon | 


TRANSFORMER 

T1= 1 SENSE 

T2, 3= GATE DRIVERS 
T4= MAIN XFMR 


INTEGRATED CIRCUITS 
Ui= UC3875 PMW 

U2= OPTO 

U3= UC19432 
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PRACTICAL CONSIDERATIONS IN HIGH PERFORMANCE 
_ MOSFET, IGBT and MCT GATE DRIVE CIRCUITS 


BILL ANDREYCAK 


INTRODUCTION 


The switchmode power supply industry's trend towards higher conversion frequencies is justified by the 
dramatic improvement in obtaining higher power densities. And as these frequencies are pushed towards 
and beyond one megaheriz, the Mosfet transition periods can become a significant portion of the total 
switching period. Losses associated with the overlap of switch voltage and current not only degrade the 
overall power supply efficiency, but warrant consideration from both a thermal and packaging standpoint. 
Although brief, each of the Mosfet switching transitions can be further reduced if driven from from a high 
speed, high current totem-pole driver - one designed exclusively for this application. This paper will highlight 
three such devices; the UC1708 and UC1710 high current Mostfet driver ICs, and the UC 1711 high speed 
driver. Other Mosfet driver ICs and typical application circuits are featured in UNITRODE Application Note 
U-118. : | e =* 


EFFECTIVE GATE CAPACITANCE 


The Mosfetinput capacitance (Ciss)is frequently adjusting the gate charge numbers accordingly. 
misused as the load represented by apower mosfet Both turn-on and turn-off trasnsitions are shown with 
to the gate driver IC. In reality, the effective input the respective drain currents and drain-to-source 
capacitance of a Mosfet (Ceff) is much higher, and _ voltages. 
must be derived from the manufacturers’ published 
total gate charge (Qg) information. Even the speci- 
fied maximum values of the gate charge parameter TURN-ON WAVEFORMS 
do not accurately reflect the driver's instantaneous Gate voltage vs time 
loads during a given switching transition. Fortunately, 
FET manufacturers provide a curve for the gate-to- 
source voltage (Vgs) versus total gate charge in 
their datasheets. This will be segmented into four 
time intervals of interest per switching transition. 
Each ofthese will be analyzed to determine the 
effective gate capacitance and driver requirements 
for optimal performance. — 


Inadequate gate drive is generally the result 


of underestimating the effective load of a 
power mostfet to its driver. 





TOTAL GATE CHARGE (Qg) 


First, a typical high power Mosfet “Gate Charge 
versus Gate-to-Source Voltage” curve will be ex- 
amined. An IRFP460 device has been selected and 
this curve is applicable to most other Fet devices by 





Figure 1. 
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APPLICATION NOTE 
INTERVAL tO-t1 


The time required to bring the gate voltage from zero 
to its threshold Vgs(th) can be expressed as a delay 
time. Both the voltage across the switching device 
and current through it are uneffected during this 
interval. 


INTERVAL t1-t2 


This period starts at time ti when the gate voltage 
has reached Vgs(th) and drain current begins to 
flow. Current continues to rise until essentially 
reaching its final value at time t2. While this occured, 
the gate to source voltage had also been increasing. 
The drain-to-source voltage remains unchanged at 
Vds(off). Power in the Mosfet is wasted by the 
. simultaneous overlap of voltage and current. 
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INTERVAL t2-t3 


Beginning at time t2 the drain-to-source voltage 
Starts to fall which introduces the “Miller” capaci- 
tance effects (Cgd) from the drain to the Mosfet gate. 
The result is the noticeable plateau in the gate 
voltage waveform from time t2 until t3 while a charge 
equal to Qgd is admitted. It is here that most drive 
circuits are taxed to their limits. The interval con- 
cludes at time t3 when the drain voltage approaches 
its minimum. 


INTERVAL t3-t4 


During this final interval of interest the gate voltage 
rises from the plateau of the prior region up to its final 
drive voltage. This increasing gate voltage decreases 
Rds(on), the Mosfet drain-to-source resistance. 
Bringing the gate voltage above 10 to 12 volts, 
however, has little effect on further reducing Rds(on). 


_ SUMMARY OF INTERVAL WAVEFORMS AND DRIVER LIMITATIONS = 
DRIVER LIMITATIONS 


INTERVAL Vgsi(t) ID(t) 
0-threshold 0 
thrs-plateau rising 
V(plateau) lon(dc) 


rising lon(dc) 


TURN-OFF WAVEFORMS 
Gate voltage vs time 





Figure 2 
The intervals during turn-off are basically the same 
as those described for turn-on, however the se- 
quence and corresponding waveforms are reversed. 


Vds(t) 


Slew rate (dv/dt) 
Slew rate (dv/dt) 
Peak current I(max) 
Peak | & dv/dt 


Vds(off) 
Vds(off) 
falling 

— lon*Rds(t) 





INTERVAL t4-t3 
The beginning of the turn-off cycle can be described 
as a delay from the final drive voltage (Vgs(on) ) the 
the plateau region. Both the drain voltage and cur- 
rent waveforms remain unchanged while the de- 
vices effective resistance ( Rds(on) ) increases as 
the gate voltage decreases. 


INTERVAL t3-t2 

Once the plateau is reached at time t3, the gate 
voltage remains constant until time t2. Gate charge 
due to the Miller effect is being removed, an amount 
equal to Qgd. The drain voltage rises to its off state 
amplitude, Vds(off), while the drain current contin- 
ues to flow and equals (on). This lossy transition 
ends at time t2. 


INTERVAL t2-t1 
Once the Miller charge is completely removed, the 
gate voltage is reduced from the plateau to the 
threshold voltage causing the drain current to fall 
from I(on) to zero. Transition power loss ends at 
time ti when the gate threshold is crossed. 


INTERVAL t1-t0 | 
This brief period is of little interest in the turn-off 
sequence since the device is off at time t1. 
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SUMMARY OF INTERVAL WAVEFORMS AND DRIVER LIMITATIONS 


INTERVAL 


lon(dc) 

lon(dc) 

falling 
thrsh-0O 0 


falling 
V(plateau) 
Vplat-thrsh 


FET Transition Power Loss 


During each of the FET turn-on and turn-off se- 
quences power is lost due to the switching device's 
simultaneous overlap of drain - source voltage and 
drain current. Since both the FET voltage and cur- 
rent are externally controlled by the application, the 
driver IC can only reduce the power losses by 
making the transition times as brief as possible. 
Minimization of these losses simply requires a 
competant driver IC, one able to provide high peak 
currents with high voltage slew rates. 


A review of the prior transition waveforms indicates 
that power is lost between the times of t1 and ts. 
While t2 serves as the pivot point for which waveform 
is rising or falling, as the equations show its irrelavent 
in the power loss equation. For the purpose of 
brevity, the waveform of interest can be approxi- 
mated as a triangle while the other waveform is 
constant. The duration between times t1 and t3 can 
now be defined as the net transition time, t(tran), with 
a conversion period of t(period) 


During the two intervals from t1 to t3: 


0.5 * (on) * Vds(off) * t(2-1) 
Ploss= ——_—____________-___-____ 
t(period) 


0.5 * Vds(off) * (on) *t(3-2) 
Ploss = 0 - ——____——SsS— 
t(period) 


Combininig the two equations with t(tran) 
= t3-1 results in a net loss of : 


0.5 * Vds(off) * (on) * t(trans) 
PIOSS =. 2 
t(period) 


Since these loses are incurred twice percycle, first at 
turn-on and then again at turn-off, the net result is a 
doubling of the power loss. 


Vds(t) DRIVER LIMITATIONS 
lon* Rds(t) 
falling 
Vds(off) 
Vds(off) 


Peak | and dv/dt 
Peak Current | (max) 
Slew rate (dv/dt) 
Slew rate (dv/dt) 





Ploss = Vds(off)*I{on)*t(trans)/t(period) 


This relationship displays the need for fast transi- 
tions at any switching frequency, and is of significant 
concern at one megaHertz. Minimization of the FET 
transition power loss can be achieved with high 
current drivers. 


GATE CHARGE 


Each division of the transition interval has an asso- 
ciated gate charge which can be derived from the 
FET manufacturers datasheets. Since there are 
three basic shapes to the Vgs curve, the interval 
from tO to t1 can be lumped together with that of the 
t1 to t2 period. For most large FET geometries, the 
amount of charge in the tO to - t1 span is negligible 
anyway. This simplification allows an easy calcula- 
tion of the effective gate capacitance for each inter- 
val along with quantifying the peak current required 
to traverse in a given amount of time. 


Charge can be represented as the product of ca- 
pacitance multiplied by voltage, or current multiplied 
by time. The effective gate capacitance is determined 
by dividing the required gate charge (Qg) by the 
gate voltage during a given interval. Likewise, the 
current necessary to force a transition within a 
specified time is obtained by dividing the gate charge 
by the desired time. 


Cgs (effective) = delta Qg / delta Vgs 
Ig(required) = delta Qg / t(transition) | 


UC1710 
The "MILLER KILLER" 


High peak gate drive currents are desirable in par- 
alleled FET applications, typical of a high power 
switching section or power factor correction stage. 
Dubbed as "the Miller Killer’, the UC1710 boasts a 
guaranteed 6 amp peak output current. This hefty 
driver current minimizes the FET parasitic "Miller" 
effects which would otherwise result in poor transi- 
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tion performance. Higher currents are possible with 
this driver, however the limiting factor soon be- 
comes the parasitic series inductance of the FET 
package (15 nH) and the layout interconnection of 
20 nH/inch. An RF type arrangement of the PC 
board layout is an absloute MUST to realize this 
device's full potential. 


UC 1710 BLOCK DIAGRAM 


lee eee 





The UC1710 has "no-load" rise and fall times of 20 
nanoseconds (or less) which do not change signifi- 
cantly with any loads under 3 nanoFarads. It's also 
specified into a load capacitance of 30 nanoFarads, 
roughly equivalent to what is represented by three 
paralleled “size 6" FET devices. Propagation delays 
are brief with typical values specified at 35 nano- 
seconds from either input to a ten percent change in 
Output voltage. 
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UC 1708 BLOCK DIAGRAM 






LOGICGND | | 


INPUT AT | 


INPUT BY | 


SHUTDOWN [| 


|. | PWRGNO B 


The UC1708 is a unique blend of the high speed 
attributes of the UC1711 along with the higher peak 
current capability of the UC1710. This dual 
noninverting driver accepts positive TT_L/CMOS logic 
from control circuits and provides 3 amp aks out- 
puts from each totem pole. 


Propagation delays are under 25 nanoseconds while 
rise and fall times typically run 35 nonoseconds into 
2.2 nanofarads. The output stage design is a "no 


float" version which incorporates a self biasing 


technique to hold the outputs lowdu ring undervoltage 
lockout, even with vn emeved:. 


In itis 16 pin DIL sdcxage: the davies features a 
remote ENABLE and SHUTDOWN function in ad- 
dition to seperate signal and power grounds. The 
ENABLE function:places the device in a low current 
standby mode and the SHUTDOWN circuitry is high 
speed logic directly to the outputs. 


UC1708 / 1710/1711 PERFORMANCE COMPARISON 
TABLE 1. 


- PARAMETER LOAD 
Propagation Delay 

t(plh) 

input to 10% output 


Raise time 
t(tlh) 
10% to 90% | rise 


| Propagation Delay 
t(phl) 
input to 90% output 


| Fall Time 
t(thl), 
90% to 10% fall 





UC1708 ~UC1710 | UC1711 
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APPLICATION NOTE 
TRANSITION PERFORMANCE 


Using the table above, the driver output slew rates 
and average current delivered can be calculated. 
The figures can be compared to lower power op- 
amps or comparators to gain a perspective on the 
relative speed of these high performance drivers. 


The UC 1708 delivers output slew rates (dv/dt) inthe 
order of 300 to 480 volts per microsecond, at aver- 
age load currents of under one amp, depending on 
the load. The high speed UC1711 exhibits similar 
characteristics under loaded conditions, but can 
achieve a no load slew rate of over 1700 volts per 
microsecond - nearly 2 volts per nanosecond. 


For higher power applications, the UC1710 "Miller 
Killer" will produce an average current of 4.5 amps 
AT slew rates of 150 volts per microsecond. With 
lighter loads it will deliver an average current of 1.5 
amps at a slew rate of approximately 500 volts per 
microsecond. In most applications, the UC1710 will 
easily outperform "homebrew" discrete mosfet 
transistor totempole drive techniques. 


Each device in this new generation of MOSFET 
drivers is significantly more responsive than the 
earlier counterparts for a given application - whether 
i's higher speed (UC1711), higher peak current 
(UC1710) or a combination of both (UC1708). 


DRIVER CONSIDERATIONS 


As previously demonstrated, the ideal MOSFET 
gate drive IC is a unique blend of both high speed 
switching and high peak current capability. Initially, 
the high speed is required to bring the gate voltage 
from zero to the plateau, but the current is low. Once 
the plateau is intersected, the driver voltage is fairly 
constant, and the IC must switch modes. Instantly, 
the driver current snaps to its maximum as charge is 
injected to overcome the FET’s Miller effects. Finally, 
a combination of both high slew rate and high current 
is needed to complete the gate drive cycle. 


At turn-off this sequence is reversed, first demand- 
ing both high slew rate and high current simulta- 
neously. This is followed by the plateau region which 
is limited only by the maximum driver current. Fi- 
nally, there is high speed discharge of the gate to 
zero volts. | | 
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Optimization of a driver for this type of application 
can be difficult. In general, the MOSFET driver IC 


output stage is designed to switch as fast as the 
manufacturer's process will allow. 


CROSS CONDUCTION 


There are numerous tradeoffs involved in the design 
of these drivers beyond the obvious choices of 
numberof outputs and peak current capability. Cross- 
conduction is defined as the conduction of current 
through both of the totem pole transistors simulta- 
neously from Vin to ground. Itis an unproductive loss 
in the Output stage which results in unnecessary 
heating of the driver and wasted power. Cross con- 
duction is the result of turning one transistor ON 
before the opposing one is fully off, a compromise 
often necessary to minimize the input to output 
propagation delays. 


An interesting observation is that cross-conduction 
is less of a concern with large capacitive loads 

( FETs ) than with unloaded or lightly loaded driver 
outputs. Any capacitive load will reduce the slew of 
the output stage, slowing down its dv/dt. This causes 
a portion of the cross conduction current to flow from 
the load, rather than from the input supply through 
the driver's opposite output transistor. The power 
loss associated with a drivers inherent cross-con- 
duction is unchanged with large capacitive loads, 
however it is not caused by a “shoot-through” of 
supply current. 


DRIVER PERFORMANCE 


There are a variety of applications for MOSFET 
drivers - each with its own unique set of speed and 
peak current requirements. Most general purpose 
drivers feature 1.5 amp peak totem-pole outputs 
which deliver rise and fall times of approximately 40 
nanoseconds into 1 nanoFarad. Propagation delays 
are in the neighborhood of 40 to 50 nanoseconds, 
making these devices quite adaptable to numerous 
power supply and motor control applications. These 
specifications can be used for acomparison to those 
of a new Series of higher speed and higher current 
devices, specifically, the UC1708, UC1710 and the 
UC1711 power MOSFET drivers. Each member in 
this group of “third” generation driver ICs features 
significant performance improvements over their 
predecessors with one parameter optimized for a 
specific set of applications. 
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MOSFET DRIVER IC FEATURE AND PERFORMANCE OVERVIEW 
TABLE 2. 


Feature | UC1708 UC1710 =| = UC1711 
Number of outputs 2 1 ap 
Peak output current (per output) 3A 6A 15A 
Noninverting input-output logic YES YES 

_Inverting input-output logic YES YES 
Maximum supply voltage Vcc 35V 20V 40V 
Typical supply current Icc (1.) 16ma 30ma 17ma 
Remote Enable YES 
Shutdown Input YES YES (2) 
Seperate grounds, signal and power YES (8) YES (3) 
Seperate Vin and Vc pins YES (8) 


YES YES 



















8 pin DIL package 
16 pin DIL package 
_5 pin TO-220 package 









Note 1. Typical Vc plus Vcc current measured at 200KHZ, 50 % duty cycle and no load 
Note 2. Using the device's other input . 
Note 3. Package dependant 


PROPAGATION DELAYS | UC1711 BLOCK DIAGRAM 


The power supply industry’s trend towards higher 
power densities has thrust switching frequencies 
well beyond one megaHertz in many low to medium 
power systems. With a one microsecond total con- 
version period, orless, the FET switching transitions 
should be in the order of low tens of nanoseconds 
to yield high efficiency. Additionally, the propagation 
delays from the driver input to output should be 
around ten nanoseconds for quick response. 


UC1711 


The UC1711 device features typical propagation 
delays of three and ten nanoseconds at no load, 
depending on the transition. Coupled with dual 1.5 
amp peak totem-pole outputs, this device is opti- 
mized for high frequency FET drive applications. Its 
all NPN Schottky transistor construction is not only 
fast, but radiation tolerant as well. 
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GATE DRIVE POWER CONSIDERATIONS 


Perhaps the most popular misconception in the 
power supply industry is thata FET gates require NO 
power from the auxiliary supply - that both turn-on 
and turn-off are miraculously power free. Another 
fallacy is that the driver consumes all the measured 
supply current, Icc, andnone of itis used to transition 
the gates. Obviously, both of these statements are 
false. 


In reality, the power required by the gate itself can be 
quite substantial in high frequency applications. 
Calculation of this begins by listing the specified total 
gate charge for the FET device, Qg. 
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The gate power utilized in charging and discharging 
a Capacitor at frequency “F’” is: 


P(cap) = C* VA2*F 


Substituting the gate charge for capacitance multi- 
plied by voltage (Q=C*V) in this equation results in: 


P(gate) = Qg* V*F 


The gate power required verses FET size and 
switching frequencies is tabulated forsome common 
applications in Table 3. Table 4. transforms this 
power into driver input current at a nominal 12 volt 
bias. 


GATE POWER (mW) VS. SWITCHING FREQUENCY AND FET SIZE 


SWITCHING FREQUENCY (kHz) 
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The driver output stage can be modelled as a 
resistance to the respective auxiliary supply rail 
driving an ideal FET capacitor. All of the power used 
to charge and discharge the MOSFET gate capaci- 
tor is completely transferred into heat by the driver. 
This gate power loss adds to the driver's own power 
loss - resulting in a net driver power dissipation 
equal to it’s input voltage, Vcc, multiplied by the sum 
of the gate and driver currents, Ig + Icc. This can 
be calculated or determined empirically by measuring 
the driver DC input voltage and current. 


THERMAL CONSIDERATIONS | 


Proper IC package selection and/or device 
heatsinking is the only method available to insure a 
safe operating junction temperature, tj. All |C’s are 
specified and graded forvarious junctiontemperature 
ranges, and priced accordingly. As a precaution, it 
should be noted that using a device outside its 
tested temperature range can result in poor perfor- 
mance, parameters which run outside their specifi- 
cations, and quite possibly - no operation at all. | 


JUNCTION TEMPERATURE 


The junction temperature of the driver IC is obtained 
by first calculating the device’s thermal rise above 
the ambient temperature. This is obtained by multi- 
plying the average input power (Vin‘lin) by the 
device’s thermal impedance to air, theta JA (Oja). 
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This term is then added to the ambient temperature 
to yield the resulting junction temperature, Tj. 


If the driver is thermally attached to a heatsink or 
“cold plate’, then the thermal impedance from. the 
device junction to it’s package case, theta JC (Ojc), 
is used to determine the thermal rise. Likewise, this 
thermal rise is added to the heatsink temperature to 
determine the junction temperature. In either case, 
the maximum junction temperature (tj(max)) should 
be determined and checked against the device’s 
absolute maximum specification. — 


Average supply currents for each of the three drivers 
of interest varies primarily with the switching fre- 
quency. Rather than listing each driver 
independantly, an rough approximation of 25 
milliamps will be used as the driver current, regard- 
less of the specific device utilized and switching 
frequency. In addition, a typical supply voltage of 12 
volts results in a power dissipation by the driver itself 
of 300 milliwatts. 


The calculated gate power of Table 5. has been 


added to the estimated 300mW of device power to 
formulate Table 6. - the driver total power dissipa- 
tion. This is of particular interest in selecting a driver 
package (8 pin, TO-220, etc) and heatsink determina- 
tion for a specific maximum junction temperature, or 
rise. Typical junction temperature rises vs. frequency 
and FET size for alC package, and recommenda- 
tions are shown in table 7. 


AVERAGE POWER DISSIPATION (mW) VS. FREQUENCY AND FET SIZE 


FET SIZE 
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PACKAGE RECOMMENDATIONS 


For P(diss) = or < 5}00mW 
A: 8 pin DIL, <40 C rise 
B: 8 pin DIL, <45 C rise 
C: 8 pin DIL, <50C rise 


For P(diss) = or > 500mW 
(using heatsink) 

D: 8 pin DIL, <40 C rise 
E: 8 pin DIL, <50 C rise 


For P (diss) > 500mW 
F: TO-220 recommended 


HIGH POWER APPLICATIONS 


Most high power applications require the use of 
“monster’ MOSFETs or several large FETs in par- 
allel for each switch. Generally, these are low to 
medium frequency applications (less than 200kHz) 
where obtaining a low Rds(on) is of primary concern 
to minimize the DC switch loss. It is not uncommon 
to find two, three and even four large devices used 
in parallel, although some of these combinations are 
unlikely from a cost versus performance standpoint. 





Table seven displays the individual FET device 
characteristics and several popular parallel ar- 
rangements. Listed in descending order is Rds (on) 
at room temperature and the total gate charge 
required. This will ultimately be used to determine 
the gate drive current in Table 8., total power dissi- 
pation in Table 9., and driver IC recommendation in 
Table 10 for various applications. 


PARALLELED MOSFET CHARACTERISTICS - TABLE 7. 


MOSFET Rds (on) Qg (nC) 
ARRANGEMENT effective total 
1X SIZE 4 0.85 63 
1X SIZE5 0.40 130 
1X SIZE6 0.27 190 
2 X SIZE 4 (1) 0.425 126 
3 X SIZE 4 (1) 0.283 189 
4 X SIZE 4 (1) 0.213 252 


1. Consider another selection 2. Consider a "Monster" FET 


MOSFET Rds (on) Qg (nC) 
ARRANGEMENT effective total 
2X SIZE 5 0.200 260 
2 X SIZE 6 0.135 380 
3 X SIZE 5 (1) 0.133 390 
4 X SIZE 5 (1) 0.100 520 
3 X SIZE 6 (2) 0.090 570 
4 X SIZE 6 (2) 0.068 760 


AVERAGE SUPPLY CURRENT (mA) VS. FREQUENCY AND FET SELECTION 











FET 
ARRANGEMENT 


2X SIZE 5 





“Includes 25mA of driver supply current 


SWITCHING FREQUENCY (kHz) _ 


nin | as | so | rs | 0 
mohm 25 50 75 100 150 | 200 


139 177 
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POWER DISSIPATION (mW) VS. FREQUENCY AND APPLICATION 


| | SWITCHING FREQUENCY (kHz) 
FET Rds 
ARRANGEMENT | = mohm 25 50 75 100 150 200 


420 540 636 
636 828 876 
756 984 1.2W 






* Includes 300mW of driver dissipation | Table 9. 


DRIVER IC AND PACKAGE SELECTION GUIDE 
Selection Guide 










for < 50 C rise 
FET 
A: 8 pin DIL or ARRANGEMENT 
opin Fcc = | axswes | 200 
B: 8 pin DIL | 2XSIZE5 200 
with heatsink. 2XSIZE6 — 
or TO-220. 
C: TO-220 with 3X SIZE 6 | 90 | 
heatsink 
4X SIZE 6 6a | 


| Table 10. 


UC1710 DRIVER PERFORMANCE | | 
n: Table 11. shows the typical response of the UC1710 
Although capacitive in nature, the FET “Miller ef- “Miller Killer’ driving a single APT5025BN (size 6) 
fects and demands on the driver differ significantly | device and paralleled MOSFET combinations for 
than a true capacitor load as previously described. _ reference. 


UC1710 RISE, FALL AND DELAY TIMES VS. LOADS 


TEST 
CONDITIONS 


APPLICATION NOTE 
PERFORMANCE COMPARISONS 


”*"HOMEBREW” TOTEM-POLES VS 
INTEGRATED CIRCUIT DRIVERS 


The prior lack of “off-the-shelf” high current or high 
speed drivers had prompted many to design their 
own gate drive circuits. Traditionally, an NPN-PNP 
emitter follower arrangement had been used in 
lower frequency applications as shown in Figure 7. 


+12V 
NPN 
INPUT TO LOAD 
GND | PNP 





Figure 7 


_t— TO LOAD 


GND | NMOS 


Figure 8 





For higher speed applications, a P and N channel 
FET pair can be used as shown in figure 8. The 
circuit is configured with the P channel MOS as the 
upper side switch to simplify the auxiliary bias. 
Otherwise, a gate drive potential of ten volts above 
the auxiliary bias would required. 


Unfortunately, this configuration has a few draw- 
backs. First, it leads to an inverting logic flow from 
the driver input to its output, complicating matters 
especially during power-up and power-down se- 
quences. Without a clever undervoltage lockout 
circuit the main power switch will tend to be ON as 
the auxiliary supply voltage is raised or lowered 
while the PWM is OFF. 


Cross conduction of both FETs is unavoidable with 
this configuration due to the difference between the 
gate threshold voltages of each device. Both P and 
N channel devices are cross conducting while their 
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input drive waveform is above Vgs(th) of the N 
device and below that of the P device. One technique 
to minimize the cross conduction peak current is to 
add some resistance between the FETs. While this 
does minimize the “shoot-through” current, it also 
limits the peak current available to the load. This 
somewhat defeats the purpose of using the 
MOSFETs in the first place to deliver high currents. 
The resistor serves an additional purpose of damping 
the gate drive oscillations during the transitions. Ina 
practical application, two resistors can be used in 
the place of one with the center-tap connecting to 
the FET gate,or load as shown in figure 9. 


Figure 9 


The performance of the circuit in figure 9 was 
evaluated and compared to that of the UC1710 
driver into a 30 nanoFarad load. A size three P type 
FET and asize two N channel device were connected 
in series with two one-half ohm resistors to limit the 
shoot-through current. These FETs were driven 
from the UC1711 dual driver which can deliver 3 
Amp peak gate drive currents for rapid transitions. 
The results of this test are shown in figure 10. 


Driver Performance into 30nF load 





Lines: solid=UC3710, dashed=discrete 
Figure 10. - VERT: 5V/DIV: HORIZ: 50 nS/DIV 
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The test results indicate very similar performance 
into this load from either technique. Obviously, the 
“homebrew” approach utilizes a total of three de- 
vices in comparison to a single UC1710 driver to 

obtain essentially the same high speed performance. 
Additionally, the cost of the P channel FET alone 
may exceed the price of the UC1710 device, not to 
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mention the difference in PC board real estate. 
As a final note, the discrete FET approach 
required over 10 milliamps more supply current 
than the single UC1710 driver or a increase in 
supply current of twenty percent. Results of 
this test shown in figures 11 and 12. 


_ RISE AND FALL TRANSITION PERFORMANCE INTO 30 nF 


RISE TIMES (Fig 11.) 


FALL TIMES (Fig 12.) 





PHOTO SCALES (BOTH): VERT=2V/DIV, HORIZ=10 nS/DIV 
LINES: SOLID = UC3710: DASHED = DISCRETE CIRCUIT OF FIGURE 9. 


POWER DEVICES 


IGBTs and MCTs: While existing generations 
of power MOSFETs continue to be enchanced 
for lower RDS(on) and faster recovery internal 
diodes, alternative new devices have also been 
introduced. Among the most popular, and 
viable for high voltage high power applications 
are IGBTs (Insulated Gate Bipolar transistors) 
and MCTs (MOS Controlled Thyristors). Although 
frequently drawn as an NPN structure, the IGBT 
actually resembles a PNP bipolar transistor with 
an internal MOS device to control the base 
drive. Indicative by its description, the MCT is 
essentially an SCR. structure also utilitzing a 
MOS drive stage. Both devices offer significant 
cost advantages over MOSFETs for a given 
power eapaniily: 


MOSFET, IGBT and MCT Gate Drives: There are 
numerous reasons for driving the MOSFET gate 
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to a negative potential during the device’s off 
state. Degradation of the gate turn-on threshold 
over time and especially following high levels of 
irradiation are amongst the most common. 
However, with IGBTs, the. important concern is 
the ability to keep the device off following turn- 
off with a high drain current flowing. On larger 
IGBT’s with ratings up to 300 Amps, inductive 
effects caused by the device's package alone 
can “kick” the effective gate-to-emitter voltage 
positive by several Volts at the die - even with 
the gate shorted to the emitter at the package 
terminals. Actually, this is the result of the high 
current flowing in the emitter lead (package) 
inductance which can less than 1nH. The 
corresponding voltage drop changes polarity at 
turn off, thus pulling the emitter below the 
gate, or ground. If high enough, a fast turn off 
will be followed by a parasitic turn-on of the 
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switch, and potential destruction of the 
semiconductor. Applying the correct amplitude 
of negative gate voltage can insure proper 
operation under these high current turn-off 
conditions. Also, the negative bias protects 
against turn-on from high dv/dt related changes 
that could couple into the gate through the 
“Miller” capacitance. 


IGBT MCT 
COLLECTOR ANODE 
? 
GATE 
GATE 
EMITTER CATHODE 


Figure 13 - IGBT and MCT Diagrams 


Unlike power MOSFET switches, IGBT 
transconductance continues to increase with 
gate voltage. While most MOSFET devices peak 
with about 10 to 12 Volts at the gate, IGBT 
performance steadily improves up to the 
suggested 16 Volt maximum gate. voltage. 
Typically, most IGBT manufacturers recommend 
a negative drive voltage between -5 and -15V. 
Generally, it is most convenient to derive a 
negative voltage equal in amplitude to the 
positive supply rail, and +15V is common. 


The gate charge required by an IGBT (for a given 
voltage and current rating) is noticeably less 
than that of a MOSFET. Part of this is due to the 
better utilization of silicon which allows the 
IGBT die to be considerably smaller than its FET 
counterpart. Additionally, the IGBT (being a 
bipolar transistor) does not suffer from the 
severe “Miller” effects of the MOS devices, 
easing the drive requirements in a given 
application. However, because of their 
advantages, most available IGBTs have fairly 
high gate charge demands - simply because of 
their greater power handling capability. 


In contrast, MCTs (MOS Controlled Thyristors) 
exhibit the highest silicon utilization level among 
power switching devices. While relatively new 
to the market, these devices are quickly gaining 
acceptance in very high power (above several 
kilowatts) applications because of their high 

voltage (1000V) and high current (to 1000A) 
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capability. Recently introduced parts boast 
maximum ratings to one megawatt, ideal for 
large industrial motor drives and high power 
distribution—even at the substation level. These 
devices are essentially MOS controlled SCRs and 
are intended for low frequency switchmode 
conversion. They will most likely replace high 
power discrete transistors, Darlingtons and SCRs 
because of their higher efficiency and lower 
cost. 


Gate Charge and Effective Capacitance 
with Negative Bias: While several MOSFET 
and IGBT manufacturers recommend negative 
gate voltages in the device’s off state, few 
publish any curves or information about gate 
charge characteristics when the gate is below 
zero Volts. This complicates the gate drive 
circuit design as each IGBT, MOSFET or MCT 
switch must be evaluated by the user over the 
ranges of operation conditions. A test fixture 
as shown in Figure 14 can be used to provide 
empirical generalizations for devices of interest. 
A switched constant current source/sink has 
been configured using a-simple dual op-amp to 
drive a “constant” 1mA at the device under test 
(DUT). Gate voltage versus time can be 
monitored which provides the exact gate charge 
requirements for a given device. Any application 
specific requirements can also be accommodated 
by modifying the test circuit with external 
Circuitry. 


Negative Gate Charge - Empirical Data: 
Several MOSFET, IGBT and MCT gate charge 
measurements were taken to establish the 
general characteristics with negative gate charge 
and effective capacitance during this third 
quadrant operation was calculated and compared 
to of the first quadrant specifications from the 
manufacturers data sheets. Figure 15 
demonstrates the general relationships of gate 
charges for comparison. 


Both the IGBT and MCT have similar negative 
bias gate charge requirements as with an applied 
positive bias. The MOSFET, however, exhibits a 
slightly reduced gate charge in its negative bias 
region, somewhere between 70 and 75 percent 
of its positive bias charge. Tne MOSFET’s more 
significant “Miller” effect in the first quadrant is 
responsible for this since the higher effective 
capacitance during the plateau region does not 
occur with negative bias. 
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: | | TO OUT 
a. ; 692 Sasi . OG | 
vec [8] +15V 
» ew | 
a 


U-137 
1K 
1K 


51K 


Figure 14 - Gate Charge Test Circuit 


+15 


+10 


VERT 5V/DIV HORIZ 50uS/DIV 


Figure 15 - Gate Charge Comparison Low to 
High Transition 





VERT 5V/DIV HORIZ 50uS/DIV 


Figure 16 - Gate Drive Comparison High to 
Low Transition 





Total Gate Power - Negative Drive Voltage 
Applications: All of the previously presented 
gate power equations still apply, however they 


must be modified to include the additional 


charge requirements of the negative supply 
voltage. For the sake of simplicity, a 
multiplication factor can be used for recalculation 
of the exact figures. When identical amplitudes 
of positive and negative supply voltages are 
used, for example +15V, then the gate power 
utilized can be simply multiplied by a factor of 
two. This completes the process for the IGBTs 
and MCTs. The total MOSFET gate charge, on 
the other hand, should only be multiplied by a 
factor of 1.7 to 1.75 to accommodate the 
reduced negative bias demands. Additionally, if 
a negative supply voltage different than the 
positive rail voltage is used, for example +15 
and -5, then the scaling factor must be adjusted 
accordingly. In this case, the new total gate 
power would be 1+ (-5/-15) or 1.33 times the 
initial O-15V gate power for IGBTs and MCTs. 
The negative drive voltage scaling factor (-5/- 
15) would be multiplied by the 70 to 75% index 
if a MOSFET were used instead of an IGBT or 
MCT. This would result in a 1.23 to 1.25 times 
net increase over the initial (0-15V) gate power 
demand. 
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SUMMARY 


The need for higher speed and higher current FET cessfully conquer the challenges of obtaining 

driver ICs has become increasingly apparent as ‘apid transitions in MOSFET gate drive circuits. 

power conversion switching frequencies are pushed 

towards and beyond one megaHertz. Likewise, the REFERENCES 

quest for higher overall efficiencies has resulted in © UNITRODE Application Note U-118, " New Driver 

creation of large, even “monster’ size MOSFET _ !C’sOptimize High Speed Power MOSFET Switching 

geometries. These industry trends have stimulated Characteristics” , UNITRODE LINEAR IC DATA- 

the development of innovative MOSFET driver ICs BOOK, IC 600 

- ones which would significantly outperform any of 

their predecessors, including discrete versions. INTERNATIONAL RECTIFIER Application Notes 
AN-937, AN-947 and Datasheets, I.R. HEXFET 

A new generation of high speed and high current Power MOSFET Designers Manual HDB-4 

MOSFET drivers has been presented. Each opti- | 

mized for a unique blend of these attributes, the ADVANCED POWER TECHNOLOGY Databook 


UC1708, UC1710 and the UC1711 devices suc- 1989 
HIGH CURRENT FET DRIVER CIRCUITS 


DESCRIPTION KEY FEATURES eee 


_ © 1,5A TotemPole Output 
¢ High Speed MOSFET Compatible 
e Low Quiescent Current 

Low Cost Package 





UC1705/3705 High Speed Power Driver 


(Single ended) 






























UC1706/3706 


Dual High Current 
MOSFET Compatible 
Output Driver 


Dual, 1.5A Totem Pole Outputs 

Parallel or Push-Pull Conversion 

(1706 Series) 

Intemal Overlap Protection 

Analog, Latched Shutdown 

High-Speed, Power MOSFET Compatible 
Thermal Shutdown Protection 

5 to 40V Operation 

Low Quiescent Current 
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Dual Non-inverting 
Power Driver 


3.0 Peak Current Totem Pole Output 
5 to 35V Operation 

25n Sec Rise and Fall Times 

25n Sec Propagation Delays 

Thermal Shutdown and Under-Voltage 
Protection 

High-Speed, Power MOSFET Compatible 
Efficient High Frequency Operation 
Low-Cross-Conduction Current Spike 
Enable and Shutdown Functions 
Wide Input Voltage Range 

ESD Protection to 2kV 
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8Pin 
DIL 


Dual High 
Speed FET Driver 


1.5A Source/Sink Drive 
Pin Compatible with 0026 
40ns Rise and Fall into 1000pF 
Low Quiescent Current 


















High Current/Speed 
FET Driver 


10A Peak Current Capability 
40ns Rise and Fall Times 
40ns Delay Times (1Nf) 

Low Saturation Voltage 
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UC1711/3711 Dual Ultra High e 25nS Rise and Fall into 1000pF 8-Pin 
Speed FET Driver ¢ 15nS Propagation Delay DIL 
¢ 1.5Amp Source or Sink Output Drive 
¢ Operation with 5V to 35V Supply 
¢ High-Speed Schottky NPN Process 
e 8-PIN Mini-DIP Package 
¢ Radiation Hard 
UC3724 Isolated High Side Drive ¢ Fully Isolated Drive for High Voltage 8 Pin 
UC3725 for N-Channel © 0% to 100% Duty Cycle DIL 
(PAIR) Power MOSFET Gates ¢ 600kHz Carner Capability (Pair) 
¢ Local Current Limiting Feature 
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Zero Voltage Switching 
Resonant Power Conversion | 


Bill Andreycak 


Abstract. | 

The technique of zero voltage switching in 
modern power conversion is explored. Several 
ZVS topologies and applications, limitations of 
the ZVS technique, and a generalized design 
procedure are featured. Two design examples 
are presented: a 50 Watt DC/DC converter, 
and an off-line 300 Watt multiple output power 
supply. This topic concludes with a perfor- 


mance comparison of ZVS converters to their — 


square wave counterparts, and a summary of 
typical applications. 


Introduction 

Advances in resonant and quasi-resonant 
power conversion technology propose alterna- 
tive solutions to a conflicting set of square 
wave conversion design goals; obtaining high 
efficiency operation at a high switching fre- 
quency from a high voltage source. Currently, 


the conventional approaches are by far, still in 
the production mainstream. However, an > 


increasing challenge can be witnessed by the 
emerging resonant technologies, primarily due 
to their lossless switching merits. The intent of 
this presentation is to unravel the details of 
zero voltage switching via a comprehensive 
analysis of the timing intervals and relevant 
voltage and current waveforms. 

The concept of quasi-resonant, “lossless” 
switching is not new, most noticeably patented 
by one individual [1] and publicized by another 
at various power conferences [2,3]. Numerous 
efforts focusing on zero current switching 
ensued, first perceived as the likely candidate 
for tomorrow's generation of high frequency 
power converters [4,5,6,7,8]. In theory, the on- 
off transitions occur at a time in the resonant 
cycle where the switch current is zero, facilitat- 


ing zero current, hence zero power switching. 
And while true, two obvious concerns can 
impede the quest for high efficiency ae 
with high voltage inputs. 

By nature of the resonant tank and zero 
current switching limitation, the peak switch 
current is significantly higher than its square 
wave counterpart. In fact, the peak of the full 
load switch current is a minimum of twice that 
of its square wave kin. In its off state, the 
switch returns to a blocking a high voltage 
every cycle. When activated by the next drive 
pulse, the MOSFET output capacitance (Cogs) 
is discharged by the FET, contributing a signifi- 
cant power loss at high frequencies and high 
voltages. Instead, both of these losses are 
avoided by implementing a zero voltage switch- 
ing technique [9,10]. 


Zero Voltage Switching Overview 
Zero voltage switching can best be defined 
as conventional square wave power conversion 
during the switch’s on-time with “resonant” 
switching transitions. For the most part, it can 


be considered as square wave power utilizing a 


constant off-time control which varies the 
conversion frequency, or on-time to maintain 
regulation of the output voltage. For a given 
unit of time, this method is similar to fixed 
frequency conversion which uses an adjustable 
duty cycle, as shown in Fig. 1. 

Regulation of the output voltage is accomp- 
lished by adjusting the effective duty cycle, 
performed by varying the conversion frequency. 
This changes the effective on-time in a ZVS 
design. The foundation of this conversion is 


- gimply the volt-second product equating of the 


input and output. It is virtually identical to that 
of square wave power conversion, and vastly 
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Fig. 1 - Zero Voltage Switching vs. Conventional Square Wave 


unlike the energy transfer system of its electri- 
cal dual, the zero current switched converter. 

During the ZVS switch off-time, the L-C 
tank circuit resonates. This traverses the volt- 
age across the switch from zero to its peak, 
and back down again to zero. At this point the 
switch can be reactivated, and lossless zero 
voltage switching facilitated. Since the output 
capacitance of the MOSFET switch (Cog;) has 
been discharged by the resonant tank, it does 
not contribute to power loss or dissipation in 
the switch. Therefore, the MOSFET transition 
losses go to zero - regardless of operating 
frequency and input voltage. This could repre- 
sent a significant savings in power, and result in 
a substantial improvement in efficiency. Obvi- 


ously, this attribute makes zero voltage switch- 


ing a suitable candidate for high frequency, 
high voltage converter designs. Additionally, the 
gate drive requirements are somewhat reduced 
in a ZVS design due to the lack of the gate to 
drain (Miller) charge, which is deleted when 
Vos equals zero. 

The technique of zero voltage switching is 
applicable to all switching topologies; the buck 
regulator and its derivatives (forward, half and 
full bridge), the flyback, and boost converters, 
to name a few. This presentation will focus on 
the continuous output current, buck derived 
topologies, however a list of references describ- 
ing the others has been included in the appen- 
dix. 





Fig. 2 - Resonant Switch Implementation 


SWITCH 
ACTIVATION 





Fig. 3 - General Waveforms 


ZVS Benefits 

= Zero power “Lossless” switching transitions 
@ Reduced EMI / RFI at transitions 

m@ No power loss due to discharging Cos, 


m@ No higher peak currents, (ie. ZCS) same as 
square wave systems 


@ High efficiency with high voltage inputs at 
any frequency 


@ Can incorporate parasitic circuit and compo- 
nent L & C 
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m Reduced gate drive ee (no 
“Miller” effects) 


m@ Short circuit tolerant 


ZVS Differences: 
@ Variable frequency operation (in general) 


m@ Higher off-state voltages in single switch, 
unclamped topologies 


m@ Relatively new technology - users must climb 
the learning curve 


= Conversion frequency is inversely propor- 
tional to load current 


m A more sophisticated control circuit may be 
required 


ZNS Design Equations 

A zero voltage switched Buck regulator 
will be used to develop the design equations 
for the various voltages, currents and time 
intervals associated with each of the conversion 
periods which occur during one complete 
switching cycle. The circuit schematic, compo- 
nent references, and relevant polarities are 
shown in Fig. 4. 

Typical design procedure guidelines and 
“shortcuts” will be employed during the anal- 
ysis’ for the purpose of brevity. At the onset, 
all components will be treated as though they 
were ideal which simplifies the generation of 
the basic equations and relationships. As this 
section progresses, losses and non-ideal charac- 
teristics of the components will be added to the 
formulas. The timing summary will expound 
upon the equations for a precise analysis. 

Another valid assumption is that the output 





Fig. 4 - Zero Voltage Switched Buck Regulator 


U-138 


filter section consisting of output inductor Ly 
and capacitor Cy has a time constant several 
orders of magnitude larger than any power 
conversion period. The filter inductance is large 
in comparison to that of the resonant inductor's 
value L, and the magnetizing current A/,, as 
well as the inductor’s DC resistance is negligi- 
ble. In addition, both the input voltage V,, and 
output voltage Vp are purely DC, and do not 
vary during a given conversion cycle. Last, the 
converter is operating in a closed loop configu- 
ration which regulates the output voltage Vo. 


Initial Conditions: Time interval < ft) 

Before analyzing the individual time inter- 
vals, the initial conditions of the circuit must be 
defined. The analysis will begin with switch Q, 
on, conducting a drain current J, equal to the 
output current Jy, and Vp, = Ver = 0 (ideal). 
In series with the switch Q, is the resonant 
inductor Lz and the output inductor Ly which 
also conduct the output current Jy. It has been 
established that the output inductance Lo is 
large in comparison to the resonant inductor 
L, and all components are ideal. Therefore, the 
voltage across the output inductor V,, equals 
the input to output voltage differential; V,, = 
Vin - Vo. The output filter section catch diode 
Do 1s not conducting and sees a reverse voltage 
equal to the input voltage; V,, = V,, observing 
the polarity shown in Figure 4. 


Table I - INITIAL CONDITIONS 


COMP. STATUS CIRCUIT VALUES 


Q, ON Vos=Ver=0; Ip=la=lo=lo 
LR lLR=lo i ViR=0 
Lo Vio=Vin-Vo j Io =0 


Capacitor Charging State: f - t, 

The conversion period is initiated at time ft, 
when switch Q, is turned OFF. Since the 
current through resonant inductor L, and 
output inductor Ly cannot change instanta- 
neously, and no drain current flows in Q, while 
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C,V, 

It RIN 

Vert) = —— 3 ty = —— 
C, T, 
Ter = Ip for ty<t <t, 





Fig. 6 - Resonant Capacitor Waveforms 


it is off, the current is diverted around the 
switch through the resonant capacitor Cp. The 
constant output current will linearly increase 
the voltage across the resonant capacitor until 
it reaches the input voltage (Vcr = Vj). Since 
the current is not changing, neither is the 
voltage across resonant inductor Ly. 

At time ft, the switch current J, “instantly” 
drops from J, to zero. Simultaneously, the 
resonant capacitor current I-g snaps from zero 
to Ij, while the resonant inductor current J, 
and output inductor current J,9 are constant 
and also equal to J, during interval t,,. Voltage 
across output inductor Ly and output catch 
diode Do linearly decreases during this interval 
due to the linearly increasing voltage across 
resonant capacitor Cp. At time t,, Vc equals 
Vin, and Do starts to conduct. | 
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Table II - CAPACITOR CHARGING: ty - t, 





COMP. STATUS CIRCUIT VALUES 
Q, OFF 


Cp Charging 


Ilp=9 ; Vos =Ver(t 
IcR=0 5 Verity RISES LINEARLY 
Verto) =9 + Verctty = Vin 


La Law =!o +: Vin=0 


Do OFF Vporto) =Vin > Voort1) =9 ; 


DECREASES LINEARLY 


Lo Viortoy = Vin-Vo + Viort1) =-Yo 
DECREASES LINEARLY ; |, 5=I5 


Resonant State: t, - t, 

The resonant portion of the conversion cycle 
begins at t, when the voltage across resonant 
capacitor V-, equals the input voltage V,,, and 
the output catch diode begins conducting. At 
t,, current through the resonant components 
Icg and I, equals the output current Jp. 

The stimulus for this series resonant L-C 
circuit is output current J, flowing through the 
resonant inductor prior to time t,. The ensuing 
resonant tank current follows a cosine function 
beginning at time ¢,, and ending at time f,. At 
the natural resonant frequency wg, each of the 
L-C tank components exhibit an impedance 
equal to the tank impedance, Zp. Therefore, 
the peak voltage across Cp and switch Q, are a 
function of Z, and Ip. 

The instantaneous voltage across C, and Q, 
can be evaluated over the resonant time inter- 
val using the following relationships: 


V, 


CR(1) = 0, 


cR() "> 





Io 
eae Ae 2) eae 
Cr 
Zp = 1/w Ce 5 Vergy = Vn 
Ver = Vint! o“r sin [w a(t-t i 


Of greater importance is the ability to solve 
the equations for the precise off-time of the 
switch. This off-time will vary with line and 
load changes and the control circuit must 
respond in order to facilitate true zero voltage 
switching. While some allowance does exist for 
a fixed off time technique, the degree of lati- 
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tude is insufficient to accommodate typical 


input and output variations. The exact time is 
obtained by solving the resonant capacitor 
voltage equations for the condition when zero 
voltage is attained. — 


Let Vega = 0 3 IpZp SIN(w glt-ty)) = ~Viy 


The equation can be further simplified by 
extracting the half cycle (180 degrees) of con- 
duction which is a constant for a given resonant 
frequency, and equal to 7/w,g. 


| 2 
Xn 1 ° Vin 
fi. = —— + — arcsin 
Or WR ofr ‘s 


The resonant component current (I¢g = I,,) 
is a cosine function between time ¢, and 6, 
described as: 


Tey = [pcos [wo r(t-ty)]" 


The absolute maximum duration for this 
interval occurs when 270 degrees (3%/2wp) of 
resonant operation is required to intersect the 
zero voltage axis. This corresponds to the limit 
of resonance as minimum load and maximum 
line voltage are approached. : 

Contributions of line and load influences on 
the resonant time interval ¢,, can be analyzed 
individually as shown in Figs. 7 and 8. | 

Prior to time t,, the catch diode Dp was not 
conducting. Its voltage, Vpo, was linearly de- 
creasing from Vj, at time f, to zero at t, while 
input source Vj, was supplying full output 
current, Jp. At time ¢,, however, this situation 
changes as the resonant capacitor initiates 
resonance, diverting the resonant . inductor 
current away from the output filter section. 
Instantly, the output diode voltage, Vpo, chang- 
es polarity as it begins to conduct, supplement- 
ing the decreasing resonant inductor current 
with diode current Jp, extracted from stored 
energy in output inductor Lp. The diode cur- 
rent waveshape follows a cosine function during 
this interval, equalling J, minus I¢,(t). 

Also occurring at time ¢,, the output filter 
inductor Lp releases the stored energy required 


U-138 


Vern (t)vs LINE CHANGES 





ti t2L t2H 
oe & o 


to 





Fig. 7 -- Resonant Capacitor Voltage vs. Line 
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Fig. 8 -- Resonant Capacitor Voltage vs. Load 

to maintain a constant output current Jp. Its 
reverse voltage is clamped to the output voltage 
Vo minus the diode voltage drop Vpo by the 
convention followed by Figure 4. 


Table III - RESONANT INTERVAL: t-t 


COMP. STATUS CIRCUIT VALUES 
Q, OFF Voscty = Verct) 
“ler =locos(op(tty)) 
Le Resonant VLA (t) = {loZpsin (Uplt-t, )) 
ILrcty = orc) 
Do ON bow = !onlLady 


Lo _ Discharge Vi9=-(Vo+Vpoitwa)) 
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Inductor Charging State: t, - t; 

To facilitate zero voltage switching, switch 
Q, is activated once the voltage Vp, across Q, 
and resonant capacitor Vcg has reached zero, 
occurring at time f,. During this inductor 
charging interval t,, resonant inductor current 
Ip 1s linearly returned from its negative peak 
of minus J, to its positive level of plus Jp. 

The output catch diode Dy conducts during 
the ¢,; interval. It continues to freewheel the 
full output current Jj, clamping one end of the 
resonant inductor to ground through Do. There 
is a constant voltage, Viv - Vpg, across the 
resonant inductor. As a result, J, p rises linearly, 
Ino decreases linearly. Energy stored in output 
inductor Ly continues to be delivered to the 
load during this time period. 

A noteworthy peculiarity during this time- 
span can be seen in the switch drain current 
waveform. At time f,, when the switch is turned 
on, current is actually returning from the 
resonant tank to the input source, Vy. This 
indicates the requirement for a reverse polarity 
diode across the switch to accommodate the bi- 
directional current. An interesting result is that 
the switch can be turned on at any time during 
the first half of the ¢,; interval without affecting 
normal operation. A separate time interval 
could be used to identify this region if desired. 





al V, 
74 = ie ; dt = dI,L,/V, 
; L,Al, 
4 = 
Vin 
where Al, =-Ip to +I, = 215 
2L Ro 


toy = ——— and varies with V,, and V> 
IN 


Power Transfer State: t; - t, 

Once the resonant inductor current J,, has 
reached J, at time t;, the zero voltage switched 
converter resembles a conventional square 
wave power processor. During the remainder of 
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COMP. STATUS — CIRCUIT VALUES 


Q,; ON Init) = lo + (Min + V0) /Lalt 
Cp Von=0 
Lp Charging Vip=VintVpo 

ILacty =lo+ Vip/Lp) (t-t2) 
Do ON loot) = !o“ILR ty 
Lo lo=lo i Vio=-Wo+Vpo) 


the conversion period, most of the pertinent 
waveforms approach DC conditions. 
Assuming ideal components, with Q, closed, 
the input source supplies output current , and 
the output filter inductor voltage V, 5 equals Viy 
- Vo. The switch current and resonant inductor 
current are both equal to Jp, and their respec- 
tive voltage drops are zero (Vps=V ,p=0). 
Catch diode voltage Vpo equals V,,, and Ipg =0. 
In closed loop operation where the output 
voltage is in regulation, the control circuit 
essentially varies the on-time of the switch 
during the ¢,, interval. Variable frequency 
operation is actually the result of modulating 
the on-time as dictated by line and load condi- 
tions. Increasing the time duration, or lowering 
the conversion frequency has the same effect as 
widening the duty cycle in a traditional square 
wave converter. For example, if the output 
voltage were to drop in response to an 
increased load, the conversion frequency would 
decrease in order to raise the effective ON 
period. Conversely, at light loads where little 
energy is drawn from the output capacitor, the 
control circuit would adjust to minimize the ¢,, 
duration by increasing the conversion frequen- 
cy. In summary, the conversion frequency is 
inversely proportional to the power delivered to. 
the load. 


ae ar 
= Soles 
“= DoT 
in~“o 
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Table V - POWER TRANSFER: t; - t, 





COMP. STATUS CIRCUIT VALUES 


Q, 


ON Vos =!oRpsony } Ip=!o 
Vor = 0 
lLa=loi Vip=0 
Charging Vio = V n-Vo : lLo = lo 





Vo = 5 Vv 
Io = 5 A 
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Fig. 9 -- ZVS Buck Regulator Waveforms 
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ZVS Converter Limitations: 

In a ZVS converter operating under ideal 
conditions, the on-time of the switch (t,;+13,) 
approaches zero, and the converter will operate 
at maximum frequency and deliver zero output 
voltage. In a practical design , however, the 
switch on-time cannot go to zero for several 
reasons. 

First of all, the resonant tank components 
are selected based on the maximum input 
voltage Vineo, and minimum output current 
Tomin {Or the circuit to remain resonant over all 
operating conditions of line and load. If the 
circuit is to remain zero voltage switched, then 
the resonant tank current cannot be allowed to 
go to zero. It can, however, reach Io,,,, . 

There is a finite switch on-time associated 
with the inductor charging interval t,, where the 
resonant inductor current linearly increases 
from - J, to + I. As the on-time in the power 
transfer interval t,, approaches zero, so will the 
converter output voltage. Therefore, the mini- 
mum on-time and the maximum conversion 
frequency can be calculated based upon the 
limitation of Jo,,;,, and zero output voltage. 

The limits of the four zero voltage switched 
time intervals will be analyzed when I, goes to 
Ig minimum. Each solution will be retained in 
terms of the resonant tank frequency wz for 
generalization. 


I 








C, - = Omin 
Zp p Vinmax R 
Cr V inmax 
lo1max a jj cae | / w R 
Omin 
, _ 3m _ Ada 
12max Aw _ Ww és 
" wW R if Omin@ R 
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oes V imax WOR 
ts4min = 9 


Both the minimum on-time and maximum 
off-time have been described in terms of the 
resonant tank frequency , we. Taking this one 
step further will result in the maximum conver- 
sion frequency fconymax» also as a function of 
the resonant tank frequency. 


Minimum On-Time: 











2 2 = 1 _ 0318 

23min R Th p Te 
Maximum Off-Time: 

ae) ae 1+1.5x = 0.909 

01 *12min W p iP 


The maximum conversion frequency corre- 
sponds to the minimum conversion period, 
Tconvmin> Which is the sum of the minimum on- 
time and maximum off-time: 


Tconvmin’ 

_ 0,909+0.308 _ 1.227 

fo + byamint 43, = Serpe i } 
R R 


The maximum conversion frequency, fconvmax 
sy 1/ T convmin ’ equals 





fr 


1 
T convmin) 
The ratio of the maximum conversion fre- 
quency to that of the resonant tank frequency 
can be expressed as a topology coefficient, K,. 
For this zero voltage switched Buck regulator. 
and its derivatives, K,,,,, equals: 
= F Convmax me 
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Fig. 10 -- Waveforms at Fcony = Kr°fr 


In a realistic application, the output voltage 
of the power supply is held in regulation at Vp 
which stipulates that the on-time in the power 
processing state, t;,, cannot go to zero as in 
the example above. The volt-second product re- 
quirements of the output must be satisfied 
during this period, just as in any square wave 
converter design. Analogous to minimum duty 
cycle, the minimum on-time for a given design 
will be a function of Vjy, Vo and the resonant 
tank frequency, wp. 

Although small, a specific amount of energy 
is transferred from the input to the output 
during the capacitor charging interval t,,. The 
voltage into the output filter section linearly 
decreases from V,, at time ft, to zero at t,, 
equal to an average value of V,,/2. In addition, 
a constant current equal to the output current 
Ig was being supplied from the input source. 
The average energy transferred during this 
interval is defined as: 


| ; 
Vinlo CVn _: VinCr 
rs aie) 
The equation can be reorganized in terms of 
Cr and Wp as: — 











1 _ 
Wi = 5 Vwlofos = g 


Vin, 


= Omin 


W, go ee eee 
ms 2w R Vinmax 


This minimum energy can be equated to 
minimum output watts by dividing it by its 
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conversion period where t,, equals zero. Topol- 
ogy coefficient K, will be incorporated to 
define the ratio of the maximum conversion 
frequency (minimum conversion period) to that 
of the resonant tank frequency, we. 


: 7.71 
Wy = P ae , Where Tooyy = —— 
2 
W = P ; 7.71 = Vintomin 
IN Omin rm : w gv nw ae as 
| Vinlo i 
Pomin in Volomin . = 


2(7.71) Vin max 


This demonstrates that a zero power output 
is unobtainable in reality. The same is true for 
the ability to obtain zero output voltage. 

The equation can be rewritten as: 


ones 2(7.71) Vin max Vinmax 


Solving for the highest minimum output 
voltage, the worst case for occurs when Io 
equals Iomin and Viy is at its maximum, Vinmas- 


| Vomin = 0.065 Vinmax ’ ra 6.5% V, IN max 
Pomin = 0. 065 V wean Omin> > = 0. 5% P INmin | 


Under normal circumstances the circuit will 
be operating far above this minimum require- 
ment. In most applications, the amount of 
power transferred during the capacitor charging 
interval f), can be neglected as it represents 
less than seven percent (7%) of the minimum 
input power. This corresponds to less than one 
percent of the total input power assuming a 
10:1 load range. 


ZVS Effective Duty Cycles: 

A valid assumption is that a negligible 
amount of power is delivered to the load 
during the capacitor charging interval t,,. Also, 
no power is transferred during the resonant 
period from ¢,,. Although the switch is on 
during period f,;, it 1s only recharging the 
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resonant and output inductors to maintain the 
minimum output current, Jo,,,,. In summary, 
NO output power is derived from V,, during 
interval ft). 

The power required to support V> at its 
current of J, is obtained from the input source 
during the power transfer period t,,. Therefore, 
an effective “duty cycle” can be used to de- 
scribe the power transfer interval t,, to that of 
the entire switching period, f,, of Tceony- 


ZNVS - Effective Duty Cycle Calculations: 


V, t 
“Duty Cycle” = —2 = *4 
Vin fog 


b34 
“Duty Cycle” = —————___ 
toy + Ey9* bo3 + ba4 
And can be analyzed over line and load 
ranges using previous equations for each inter- 


val. 


Accommodating Losses in the Design 


Equations: 

Equations for zero voltage switching using 
ideal components and circuit parameters have 
been generated, primarily to understand each 
of the intervals in addition to computer model- 
ing purposes. The next logical progression is to 
modify the equations to accommodate voltage 
drops across the components due to series 
impedance, like Rpsjo,, and the catch diode 
forward voltage drop. These two represent the 
most significant loss contributions in the buck 
regulator model. Later, the same equations will 
be adapted for the buck derived topologies 
which incorporate a transformer in the power 
stage. Oo 
The procedure to modify the equations is 
straightforward. Wherever V,, appears in the 
equations while the switch is on it will be 
replaced by Viy-Voysjon) , the latter being a 
function of the load current Jy. The equations 
can be further adjusted to accept changes of 
Ropsjon and V;, etc. with the device junction 
temperatures. Resonant component initial 
tolerances, and temperature variations likewise 
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could optionally be evaluated. 

A computer program to calculate the numer- 
ous time intervals and conversion frequencies 
as a function of line and load can simplify the 
design process, if not prove to be indispensable. 
Listed in the Appendix of this section is a 
BASIC language program which can be used to 
initiate the design procedure. 

To summarize: When the switch is on, re- 
place Viy with Viy-Vpstoy) = (Vin-Lo* Rosion))- 
When the free-wheeling diode is on, replace Vp 
with (Vo+V,;,). 


_ Cr Vin LR sony) | 


fo, = 
Ip 
VL Rye» | 
bog = a+ 2 aresin| YR sie 
Or WR o“r il 
. .. eile 
tL = 


Vin a O Ros(on) 


, (Vo+ Ve) (for + bi2* £23) 
amen UA ons(ony)~(Vo* Ve) 


7 = Vin —Ros(on)/omin 
rs Lomin 


Transformer Coupled Circuit Equa- 


tions: 

The general design equations for the Buck 
topology also apply for its derivates; namely the 
forward, half-bridge, full-bridge and push-pull 
converters. Listed below are the modifications 
and circuit specifics to apply the previous 
equations to transformer coupled circuits. 
General Transformer Coupled Circuits. Maint- 
aining the resonant tank components on the 
primary side of the transformer isolation boun- 
dary is probably the most common and sim- 
plest of configurations. The design procedure 
begins by transforming the output voltage and 
current to the primary side through the turns 
ratio, N. The prime (') designator will be used 
to signify the translated variables as seen by the 
primary side circuitry. 
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Rice Primary Tums 
Secondary Turns 


Ip'=Io/N 3 Vo'=Vo:N; and Zy'=Zy-N? 


To satisfy the condition for resonance, Ip<I’ 


V V, N 
is), 21,N> 2.5. = 
O min Io 


The resonant tank component equations now 
become: 


1, = Ze = Vain 
WR Lomin® R 


Note: the calculated resonant inductance 
value does not include any series inductance, 
typical of the transformer leakage and wiring 
inductances. 


C.= 1 = Lo min 
‘ ZR p NV max” R 


Note: the calculated resonant capacitor value 
does not include any parallel capacitance, 
typical of a MOSFET output capacitance, Cogc, 
in shunt. Multi-transistor variations of the buck 
topology should accommodate all switch capaci- 
tances in the analysis. — 


Timing Equations (including N): 
i ta CRViyN 
1° 
O 





te = —+—arcsin 
Or Yr ~~ |tofRt, 


2L elo 
a = N 
IN 


, NV (tor+t12* t2) 
= Vw-NVo 


T conv = for * 12+ tas 34 
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Determining Transformer Turns Ratio (N): 
The transformer turns ratio is derived from the 
equations used to define the power transfer 
interval t;, in addition to the maximum off- 
time, f,;. While this may first seem like an 
iterative process, it simplifies to the volt-second 
product relationship described. The general 
equations are listed below. 

The turns ratio N is derived by substituting 
N-eV, for the output voltage V, in the power 
transfer interval t,, equation. Solving for N 
results in the relationship: 


NVo/Viy = by, /(toy *ty2*tag*tq) 


= Vin min 34 
Voto, 


The transformer magnetizing and leakage 
inductance is part of the resonant inductance. 
This requires adjustment of the resonant induc- 
tor value, or both the resonant tank impedance 
Zp and frequency wz will be off-target. One 


an LR 
TO OUTPUT 
FILTER 


Fig. 11 -- Transformer Inductance “Shim” 


LpRI 
==908 LR 


Ql 


option is to design the transformer inductance 
to be exactly the required resonant inductance, 
thus eliminating one component. For precision 
applications, the transformer inductance should 
be made slightly smaller than required, and 
“shimmed” up with a small inductor. 
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Expanding ZVS to Other Topologies 


ZVS Forward Converter - Single Ended: 
The single ended forward converter can easily V gs(Q1) 
be configured for zero voltage switching with (10V) 0 
the addition of a resonant capacitor across the 
switch. Like the buck regulator, there is a high 
voltage excursion in the off state due to reso- 
nance, the amplitude of which varies with line 
and load. The transformer can be designed so Vps (091) 
that its magnetizing and leakage inductance 





| 
V 7 
equals the required resonant inductance. This or 0 
simplifies transformer reset and eliminates one (20¥) 
component. A general circuit diagram is shown ToR 9 
in Fig. 12 below. The associated waveforms for (5A) 
when Lopr, equals Lp are shown in Fig. 13. 
I 
L SHIM D (Q 1 ) 
(5a) 9 
Vo 
D2 Co : DO 0 
(5A) 
. LO 9 
(10v) 
“LO 
(SA AC) 
Fig. 12 -- ZVS Forward Converter Vo | 
(5v) | 
0 
vo 0 a: 
(5O0mvac) | 





Fig. 13 -- Forward Converter Waveforms 
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ZVS Clamped Configurations -- Half and 
Full Bridge Topologies: Zero voltage switching 
can be extended to multiple switch topologies 
for higher power levels, specifically the half and 
full bridge configurations. While the basic 
operation of each time interval remains similar, 
there is a difference in the resonant t¢,, interval. 

While single switch converters have high off- 
state voltage, the bridge circuits clamp the 
switch peak voltages to the DC input rails, 
reducing the switch voltage stress. This alters 
the duration of the off segment of the resonant 
interval, since the opposite switch(es) must be 
activated long before the resonant cycle is com- 
pleted. In fact, the opposite switch(es) should 
be turned on immediately after their voltage is 
clamped to the rails, where their drain to 
source voltage equals zero. If not, the resonant 
tank will continue to ring and return the switch 
voltage to its starting point, the opposite rail. 
Additionally, this off period varies with line and 
load changes. 

Examples of this are demonstrated in Figs. 
14 and 15. To guarantee true zero voltage 
switching, it is recommended that the necessary 
sense circuitry be incorporated. 
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| CLAMPED 
! BY D2 


Sew” 


Fig. 15 -- Clamped ZVS Waveforms 
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ZVS Half Bridge: The same v 
turns ratio, N, relationship 
applies to the half bridge to- 4 prveeee= 
pology when V,, in the previ- 
ous equations is considered to 
be one-half of the bulk rail-to- 
rail voltage. Vi, is the voltage 
across the transformer primary 
when either switch is on. 

Refer to the circuit and 
waveforms of Figs. 14 and 15. 
Cr, the resonant capacitor 9 | strana 
becomes the parallel combina- 
tion of the two resonant capac- Fig. 16 - ZVS Half Bridge Circuit 
itors, the ones across each 
switch. Although the resonant Ceres ka fs , “eee Se 
inductor value is unaffected, all fb bo of PPP PG ioPoo} 
series leakage and wiring in- 
ductance must be taken into 
account. 

The off state voltages of the 
switches will try to exceed the 
input bulk voltage during the 
resonant stages. Automatic 
clamping to the input bulk 
rails occurs by the MOSFET 
body diode, which can be 
externally shunted with a high- 
er performance variety. Unlike 
the forward converter which 
requires a core reset equal to 
the applied volt second prod- 
uct, the bidirectional switching 
of the half (and full) bridge 
topology facilitate automatic. 
core reset during consecutive 


IN 








ONTROL 
IRCUIT 








switching cycles [11,12]. IOUT. cforseenees freveeeeencees ised act sasdee ; aes ocauwad t wands 
: ““pD1 enue, : a d : a us : 
] 3% 
ps 
0 }-£-i--i---9 en 2 See ener eae 
LOUT |rcedeeudserdesemneg Se eee eee ee eee: 
“Von PRE ET JE PP LOG Ni: 
re ar : H soe H ¢ As 
en Wd p H . 8 4 a eNs 
: AG : 8 : AS 
0 ra aa Fal ce Sac tas > Sear aes ia igre a a a alae 
totl1i t2 t3 t4 to tl t2 t3 


totl t2 t3 te 
Fig. 17 -- ZVS Half Bridge Waveforms 
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ZVS Full Bridge: The equa- 
tions represented for the for- 
ward topology apply equally 
well for one conversion cycle 
of the full bridge topology, 
including the transformer turns 
ratio. Since the resonant ca- 
pacitors located at each switch 
are “in-circuit” at all times, 
the values should be adjusted 
accordingly. As with the half 
bridge converter, the resonant 
capacitors’ voltage will exceed 


the bulk rails, and clamping via , ” oe 
the FET body diodes or exter- Fig. 18 -- ZVS Full Bridge Circuit 
totit2 t3 t4 totit2 t3 





nal diodes to the rails is com- 
mon [13]. 





TOUT -dumey : sgpetecuies joesonsecenees fossefossechessenees mp ecessees fevevaes 
“Ypr} GER PUURE LAG fi : 
a ee St a 203 : : 
: : Pe : H 
© Papop-nfo-=9 as Sis Men ROE ts Sak Ge 
TOUT foossdessdeccodecseeeneg OE te See ee ee ieee Serer 
V2 ae 3 : e e ° e im sunaee 4 : . 
GH a Ae 
ee | : eee H a Ws : 
0 ea aa ae ena aaa oe ee 


totlt2 t3 t4 toOtit2 ¢t3 
tora t2 t3 te 


Fig. 19 -- ZVS Full Bridge Waveforms 
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ZVS Design Procedure 


Buck Derived Topologies -- Continuous 
Output Current: 


1, List all input/output specs and ranges. 
Viy min & max ; Vo ; Jp min & max 


2. Estimate the maximum switch voltages. For 
unclamped applications (buck and forward): 


Vo smax o Vinmax(1+ Tomax/ Tomin) 
Note: Increase Ip,in if Vosmar iS too high if 
possible). 
For clamped 
Vosmax™ Vinmax 


applications (bridges): 


Select a resonant tank frequency, w, 
(HINT: wpe=27fp). 


. Calculate the resonant tank impedance and 
component values. 


. Calculate each of the interval durations (to, 
thru ¢;,) and their ranges as a function of all 
line and load combinations. 

(See Appendix _ for a sample computer 
program written in BASIC) 


> 


Additionally, summarize the results to estab- 
lish the range of conversion frequencies, 
peak voltages and currents, etc. 


. Analyze the results. Determine if the fre- 
quency range is suitable for the application. 
If not, a recommendation is to limit the load 
range by raising Jp,,, and start the design 
procedure again. Verify also that the design 
is feasible with existing technology and 
components. oo 


7. 


O Derive the transformer turns ratio. (non- 
buck applications) 

O Design the output filter section based upon 
the lowest conversion frequency and output 
ripple current,J(ac). 

O Select applicable 
MOSFET etc. 


Finalize the circuit specifics and details. 


components; diode, 
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. Breadboard the circuit carefully using RF 
techniques wherever possible. Remember -- 
parasitic inductances and capacitances prefer 
to resonate upon stimulation, and quite 
often, unfavorably. 


Oo 


. Debug and modify the circuit as required to 
accommodate component parasitics, layout 
concerns or packaging considerations. 


Avoiding Parasitics 

Ringing of the catch diode junction capaci- 
tance with circuit inductance (and package 
leads) will significantly degrade the circuit 
performance. Probably the most common 
solution to this everyday occurrance in square 
wave converters is to shunt the diode with an 
R-C snubber. Although somewhat dissipative, 
a compromise can be established between 
snubber losses and parasitic overshoot caused 
by the ringing. Unsnubbed examples of various 
applicable diodes are shown in Fig. 20 below. 


VERTICAL: 20V/DIV, HORIZONTAL: 2uSEC/DIV 





Fig. 20 ~ Catch Diode Ringing 
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Multiresonant ZVS Conversion 
Another technique to avoid the parasitic 
resonance involving the catch diode capacitance 
is to shunt it with a capacitor much larger than 
the junction capacitance. Labelled Cp, this 
element introduces favorable switching charac- 
teristics for both the switch and catch diode. 
The general circuit diagram and associated 
waveforms are showm below, but will not be 
explored further in this presentation [14,15]. 


+Vor- 





Fig. 21 -- Multiresonant ZVS Circuit 


Current Mode Controlled 
ZVS Conversion 

Variable frequency power converters can 
also benefit from the use of current mode 
control. Two loops are used to determine the 
precise ON time of the power switch -- an 
"outer" voltage feedback loop, and an. "inner" 
current sensing loop. The advantage to this 
approach is making the power stage operate as 
a voltage controlled current source. This elimi- 
nates the two pole output inductor characteris- 
tics in addition to providing enhanced dynamic 
transient response. 

Principles of operation. Two control ICs are 
utilized in this design example. The UC3843A 
PWM performs the current mode control by 
providing an output pulse width determined by 
the two control loop inputs. This pulse width, 


or repetition rate is used to set the conversion © 


period of the UC3864 ZVS resonant controller. 
Rather than utilize its voltage controlled oscil- 
lator to generate the conversion period, it is 
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to uh & Ft, 


Fig. 22 -- Multiresonant Waveforms 


determined by the UC3843A output pulse 
width.. a 

Zero voltage switching is performed by the 
UC3864 one-shot timer and zero crossing 
detection circuitry. When the resonant capaci- © 
tor voltage crosses zero, the UC3864 output 
goes high. This turns ON the power switch and 
recycles the UC3843A to initiate the next 
current mode controlled period. The UC3864 
fault circuitry functions, but its error amplifier 
and VCO are not used. | 
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ZVS Forward Converter -- Design 
Example 


1. List circuit specifications: 
= 18 to 26 V 
Vo = 50V; Ip = 2.5 to 10A 


2. Estimate the maximum voltage across the 
switch: 


Vosmax ae Vinmax( 1 + Cf Omax/ if Omin)) 
=26+(1+(10/2.5)) = 26:5 = 130 V 


3. Select a resonant tank frequency, wa. 


A resonant tank period frequency of 5S00KHz 
will be used. It was selected as a compro- 
mise between high frequency operation and 
low parasitic effects of the components and 
layout. 


fr = 500KHz; wp=3.14-10° radians/sec 
4, Calculate the resonant tank impedance and 

component values. 

Resonant tank impedance, Zp > Vinmar/lomin 


To accommodate the voltage drop across the 
MOSFET, calculate Voys;onminy Which equals 
Rosjon Omin ~ 0.8 - 2.5 = 2V 


Zr = (Vinmax~V psmin)/ Lomin 

= (26-2)/2.5 = 102 

= 1/(Z,wz) = 1/(10-3.14-10°) = 32nF 
Le = Zp/wp = 10/3.34-10° = 3.184H 


oN 
no 


5. Calculate each of the interval durations (¢,, 
thru ¢,,) and ranges as they vary with line 
and load changes. 

The zero voltage switched buck converter 
“gain” in kiloHertz per volt of V,, and kHz 
per amp of J, can be evaluatated over the 
specified ranges. A summary of these fol- 
lows: 


U-138 
Table VI - Interval Durations vs. Line & Load 


Vin 218 Vin = 18 Vin = 26 Vin = 26 


Ip=2.5 lo=10 lp=2.5 Ilp>=10 
tio - 1.29 1,06 1.49 1.08 
tos 0.93 372 064 258 
tag 139 668 078 1.78 


Teonv 3.83 11.51 3.23 5,52 
foony 261kHz 87kHz 310kHz 18ikHz 


Transistor Switch Durations: 


ti 232 104 142 4,36 
lore 151 1.11 180 1.16 
11™ 
107 
oom 
3 9= 
am 77 
= é6-™ 
HST 
a= 
= 
» ee 
0 





18 20 22 a4 26 
VIN (VOLTS) 


Fig. 23 - Switch Times vs. Line & Load 


i dfcony/dV i vs Io 
Ig = 225A SA 75A 10A avg 


df/dV= 61 112119 11.7 102 


Highest “gain” (11.9 kHz/V) occurs near full 
load. 


dfconv/dl. o VS Vin 
Vn = 18 20 22 24 2 avg 


df/dV = 23.3 22.1 20.5 188 17.3 20.4 
Highest “gain” (23.3 kHz/A) occurs at Vj, 


min* 
It may be necessary to use the highest gain 
values to design the control loop compensation 
for stability over all operating conditions. While 
this may not optimize the loop transient re- 
sponse for all operating loads, it will guarantee 
stability over the extremes of line and load. 
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_ A. Output Filter Section: Select Lg and Co 
for operation at the lowest conversion 
frequency and designed ripple current. 






es Wee > Sees, Laeea B. Heatsink Requirements: An estimate of 
= 7 a BA the worst case power dissipation of the 
S Shae dame | er power switch and output catch diode can be 
: a made over line and load ranges. 
Ba 180K — 
fh 100K — en C. Control Circuit: The UC3861-64 series of 
wae. controllers will be examined and pro- 
se 220 22 24 26 grammed per the design requirements. 
Vrn(VOLTs) 
Programming the Control Circuit 
Fig. 24 - Conversion Freq. vs. Line & Load One-shot: Accommodating Off-time Varia- 
tions. The switch off-time varies with line and 
6. Analyze the results. load by ~ + 35% in this design example using 


ideal components. Accounting for initial toler- 
ances and temperature effects results in an 
much wider excursion. For all practical purpos- 
es, a true fixed off-time technique will not 


The resonant component values, range of 
conversion frequencies, peak voltage and 
current ratings seem well within the practical 
limits of existing components and technology. 


work. 
7. Finalize the circuit specifics and details Incorporated into the UC3861 family of ZVS 
based on the information obtained above. controllers is the ability to modulate this off- 


Fault - ». Fault 
Logic 
3v——C ‘and | 7 sv 
Precision ap rar ag 
Soft -Reft ai Reference 
. | Gnd 
wr {| | | 
= es com 
_ = Veo 
sa our C a | 
Range ba — 
| Out A 
Raia iz One| Steos ing vat 
Shot | Logic Drivers 
as ® : iz Out B 
re _ | : | | pwr Gnd 
0.5V e | 


rec | | 





Fig. 25 ~ The UC3861-64 ZVS Contollers - Block Diagram 
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LOAD 
VCR | CHANGES 





VARIATIONS + 


Torr 


MIR MAX 


Fig. 26 -- Cp Volts & Off-time vs. Line & Load 


time. Initially, the one-shot is programmed for 
the maximum off-time, and modulated via the 
ZERO detection circuitry. The switch drain- 
source voltage is sensed and scaled to initiate 
turn-on when the precision 0.5V threshold is 
crossed. This offset was selected to accommo- 
date propogation delays between the instant the 
threshold is sensed and the instant that the 
switch is actually turned on. Although brief, 
these delays can become significant in high 
frequency applications, and if left unaccounted, 
can cause NONZERO switching transitions. 
Referring to Fig. 26, in this design, the off- 
time varies between 1.11 and 1.80 microsec- 
onds, using ideal components and neglecting 
temperature effects on the resonant compo- 
nents. Since the ZERO detect logic will facili- 
tate “true” zero voltage switching, the off-time 
can be set for a much greater period. 
The one-shot has a 3:1 range capability 
and will be programmed for 2.2 uS 
(max), controllable down to 0.75 uS. 
Programming of the one-shot requires 
a single R-C time constant, and is 
straightforward using the design infor- 
mation and equations from the data 
sheet. Implementation of this feature is 
shown in the control circuit schematic. 


Programming the VCO. The calcu- 
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lated range of conversion frequencies spans 87 
to 310 kHz. These values will be used for this 
“first cut” draft of the control circuit pro- 
gramming. Due to the numerous circuit specif- 
ics omitted from the computer program for 
simplicity, the actual range of conversion fre- 
quencies will probably be somewhat wider than 
planned. Later, the actual timing component 
values can be adjusted to accommodate these 
differences. 

First, a minimum f. of 75 kHz has been 
selected and programmed according to the 
following equation: 


Fyeomin = 3.6/(RminCvco) 
The maximum f, of 350 kHZ is programmed 


by: 
F vCOmax ~ 3.6/ (Rinin | Rrange) * Cyco 


Numerous values of R,,;, and Cyco will satisfy 
the equations. The procedure can be simplified 
by letting R,,,, equal 100K. 


Cywco (UF) = 0.036/f,,, (KHz) 
RranceE (kQ) = 100/ (fconvmax!Sconvmin - 1) 
where Ruin = LOOK, Cyco = 470pF, Rrance = 27K 


The VCO gain in frequency per volt from 
the error amplifier output is approximated by: 


with an approximate 3.6 volt delta from the 
error amplifier. 


VOLTAGE CONTROLLED OSCILLATOR 





Fig. 27 -- E/A - VCO Block Diagram 


9-441 





APPLICATION NOTE 


Fault Protection - Soft Start & Restart 
Delay: One of the unique features of the UC 
3861 family of resonant mode controllers can 
be found in its fault management circuitry. A 
single pin connection interfaces with the soft 
start, restart delay and programmable fault 
mode protection circuits. In most applications, 
one capacitor to ground will provide full pro- 
tection upon power-up and during overload 
conditions. Users can reprogram the timing 
relationships or add control features (latch off 
following fault, etc) with a single resistor. 

Selected for this application is a 1 uF soft- 
restart capacitor value, resulting in a soft-start 
duration of 10 ms and a restart delay of ap- 
proximately 200 ms. The preprogrammed ratio 
of 19:1 (restart delay to soft start) will be uti- 
lized, however the relevant equations and 
relationships have also been provided for other 
applications. Primary current will be utilized as 
the fault trip mechanism, indicative of an 
overload or short circuit current condition. A 
current transformer is incorporated to maxi- 
mize efficiency when interfacing to the three 
volt fault threshold. 


Optional Programming of 75, and Trp : 
Soft Start: Ts, = Csp°10K 
Restart Delay: Typ = Csp°190K © 
Timing Ratio: Tpp:Ts5 ~ 19:1 


Gate Drive: Another unique feature of the 
UC 3861-64 family of devices is the optimal 
utilization of the silicon devoted to output 
totem pole drivers. Each controller uses two 
pins for the A and B outputs which are inter- 
nally configured to operate in either unison or 
in an alternating configuration. Typical perfor- 
mance for these 1 Amp peak totem pole out- 
puts shows 30 ns rise and fall times into 1nF. 

Loop Compensation -- General Information. 
The ZVS technique is similar to that of con- 
ventional voltage mode square wave conversion 
which utilizes a single voltage feedback loop. 
Unike the dual loop system of current mode 
control, the ZVS output filter section exhibits 
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Time 
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§0 
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0 
20k 
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Restart Delay Resistance 


Fig, 28 -- Programming Ts. and Trp 
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Fig. 29 -- Fault Operational Waveforms — 


a two pole-zero pair and is compensated ac- 
cordingly. Generally, the overall loop is de- 
signed to cross zero dB at a frequency below 
one-tenth that of the switching frequency. In 
this variable frequency converter, the lowest 
conversion frequency will apply, corresponding 
to approximately 85 KHz, for a zero crossing of 
8.5 KHz. Compensation should be optimized 
for the highest low frequency gain in addition 
to ample phase margin at crossover. Typical 
examples utilize two zeros in the error amplifi- 
er compensation at a frequency equal to that of 
the output filter's two pole break. An addition- 
al high frequency pole is placed in the loop to 
combat the zero due to the output capacitance 
ESR, assuming adequate error ia gain- 
bandwidth. 

A noteworthy alternative is the use of a two 
loop approach which is similar to current mode 
control, eliminating one of the output poles. 
One technique known as Multi-Loop Control 
for Quasi-Resonant Converters [18] has been 


APPLICATION NOTE U-138 
developed. Another, called Average Current Summary 








Mode Control is also a suitable candidate. The zero voltage switched quasi-resonant 
Wp = 1 2 fase 1 technique is applicable to most power conver- 
RC, a AR [R-2) C, sion designs, but is most advantageous to those 

operating from a high voltage input. In these 

fie 1 a ee ee applications, losses associated with discharging 

2 (RptRy) Gc me RC of the MOSFET output capacitance can be 
significant at high switching frequencies, im- 

Rrp Ree pairing efficiency. Zero voltage switching avoids 


Gain at f,,, fo = 


Rpt Riz this penalty by negating the drain-to-source, 
“off-state” voltage via the resonant tank. 

A high peak voltage stress occurs across the 
switch during resonance in the buck regulator 
and single switch forward converters. Limiting 
this excursion demands limiting the useful load 
range of the converter as well, an unacceptable 
solution in certain applications. For these 
situations, the zero voltage switched multi- 
resonant approach [14,15] could prove more 
beneficial than the quasi-resonant ZVS variety. 
Fig. 30 -- Error Amplifier Compensation Significant improvements in efficiency can be 
obtained in high voltage, half and full bridge 
ZVS applications when compared to their 
square wave design complements. Clamping of 
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Fig. 31 -- Zero Voltage Switched Forward Converter 
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the peak resonant voltage to the input rails 
avoids the high voltage overshoot concerns of 
the single switch converters, while transformer 
reset is accomplished by the bidirectional 
switching. Additionally, the series transformer 
primary and circuit inductances can beneficial, 
additives in the formation of the total resonant 
inductor value. This not only reduces size, but 
incorporates the detrimental parasitic generally 
snubbed in square wave designs, further en- 
hancing efficiency. 


220 TO 380V 





‘pA gee Se 
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A new series of control ICs has been devel- 
oped specifically for the zero voltage switching 
techniques with a list of features to facilitate 
lossless switching transitions with complete 
fault protection. The multitude of functions and 
ease of programmability greatly simplify the 
interface to this new generation of power 
conversion techniques; those developed in 
response to the demands for increased power 
density and efficiency. 





SEMI REGULATED 






La 


Voce 22V 


smo = C1861 


Fig. 32 -- Zero Voltage Switched Half-Bridge Converter 
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Zero Voltage Switching Calculations and Equations 

Using the Continuous Current Buck Topology 

in a Typical DC/DC Converter Power Supply Application 
INTER$ = "lpti:": ’ Printer at parallel port #1 ********** 
Summary of Variables and Abbreviations 


Cr = Resonant Capacitor 


100 ’ Lr = Resonant Inductor 
110 ’ Zr = Resonant Tank Impedance 


120 ’ Fres = Resonant Tank Frequency (Hz) 

130 ’ 

140 ’ VIimin = Minimum DC Input Voltage 

150 ' VImax = Maximum DC Input Voltage 

160 ‘ Vdson = Mosfet On Voltage = Io*Rds 

170 ’ Rds = Mosfet On Resistance 

180 ’ Vdsmax = Peak MOSFET Off State Voltage 

190 ' Vo = DC Output Voltage 

200 ’ Vdo = Output Diode Voltage Drop 

210 ’ Tomax. = Maximum Output Current 

220 ’ Iomin = Minimum Output Current 

230 ’ | 

240 ’ Start with parameters for low voltage dc/dc buck regulator 
250 ’ 

260 ‘ ****Define 5 Vi and 5 Io data points ranging from min to max***** 
270 ’ (Suggestion: With broad ranges, use logarithmic spread) — 
280 DATA 18,20,22,24,27 : ‘Vi data 

290 DATA 2.5,4,6,8,10 : ‘Io data 

300 FRES = 500000! | 

310 VO = 5! 

320 VDO = .8 

330 RDS = .8 

340 SAFT = .95 

350 ’ : 

360 FOR J = 1 TO 5: READ VI(J): NEXT 

370 FOR K = 1 TO 5: READ IO(K): NEXT 

380 CLS - 

390 PRINT “For output to screen, enter ‘S’ or ‘S’," | 

400 INPUT "Otherwise output will be sent to printer : ", K$ 

410 IF K$ = "S" OR K$ = “s" THEN K$ = “scrn:" ELSE K$ = PRINTER$ 
420 OPEN K$ FOR OUTPUT AS A: CLS 

430 PRINT #1, pee se canoe aan oo teeesaug a ieesua ee uuaeect 


440 PRINT #1, " ' Zero Voltage Switching Times a vs. Vi, Io" 
460 ' | 
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470 ‘ meseesse=sHERE GOESs2=s=22222e2 

480 ’ 

490 VIMAX = VI(5): IOMIN = I0(1): IOMAX = I0(5) 

500 ZR = (VIMAX - (RDS * IOMIN)) / (IOMIN * SAFT) 

510 WR = 6.28 * FRES 

520 CR = 1 / (ZR * WR) 

530 LR = ZR / WR 

540 ’ 

550 FOR J = 1 TO 5: VI = VI(J) 

560 PRINT #1, USING " Input Voltage = ###.## V"; VI 

570 FOR K = 1 T0 5: 10 = IO(K) 

580 RSIN = (VI / (10 * ZR)): | VDSON = RDS * I0 

590 ’ 

600 D(O, K) = 10 * .000001: ‘’ Compensate for later mult. by 10°6 

610 D(1, K) = (CR * VI) / 10: ‘dt0l 

620 D(2, K) = (3.14 / WR) + (1 / WR) * ATN(RSIN / (1 - RSIN ~ 2)): ‘dtl2 
630 0(3, K) = (2 * LR * 10) / VI: ‘dt23 

640 0(6, K) = O(1, K) + D(2, K) + D(3, K): ’ dt03 

650 D(4, K) = ((VO + VDO) * D(6, K)) / ((VI - VDSON) - (VO + VDO)): ‘dt34 
660 0(5, K) = O(1, K) + D(2, K) + D(3, K) + 0(4, K): ‘Tconv 


670 NEXT K 

680 ’ 

690 PAR$(0) = "Io (A) =" 
700 PAR$(i) = “dtOl =" 
710 PAR$(2) = “dti2 ==" 
720 PAR$(3) = "dt23 =" 
730 PAR$(4) = “dt34 r 
740 ~=PAR$(5) = "Tconv =" 
750 PAR$(6) = "dt03 =" 
760 ’ 


770 FOR P=01T06 

780 PRINT #1, PAR$(P): 

790 FOR K = 1 T0 5 

800 PRINT #1, USING " ####.###"; D(P, K) * 1000000!; 
810 NEXT K: PRINT #1, 

820 NEXT P 

830 PRINT #1, 

840 NEXT J 

850 ' 

860 PRINT #1, “Additional Information:" 

870 PRINT #1, "“Zr(Ohms) ="; INT(1000! * ZR) / 1000 

880 PRINT #1, “wR(KRads)="; INT(WR / 1000) 

890 PRINT #1, "Cr(nF) ="; INT((1000 * CR) / 10 ~ -9) / 1000 
900 PRINT #1, “Lr(uH) ="; INT((1000 * LR) / 10 ~ -6) / 1000 
910 PRINT #1, "Vdsmax ="; VIMAX * (1 + IOMAX / IOMIN) 

920 END 
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r+ -$--$-F t+} Ft FF} 4-4-4 4-4 ttt} fF} + tt tt +++ -t-t+-}-+-}-}_+ +} +++ }-+- +1 
Zero Voltage Switching Times (uSec) vs. Vi, Io 
r+ —$—t ttt —-}-+_+-t_+-+-} +} -+-+-+-4+ +} -+-+-+ +} + +} $4 + + ¥ +-4+-}-}-}4-+-+_ +++} 


Input Voltage = 18.00 V 


Io (A) = 2.500 4.000 6.000 8.000 10.000 
dt0i = 0.218 0.136 0.091 0.068 0.054 
dti2 = 1.290 1.153 1.096 1.070 1.056 
dt23. = 0.931 1.490 2.235 2.980 3.725 
dt34 = 1.387 1.791 2.682 4.118 6.677 
Tconv = 3.825 4.571 6.103 8.236 11.511 
dt0s = 2.439 2.780 3.421 4.118 4.835 
Input Voltage = 20.00 V 
Io (A) = 2.500 4.000 6.000 8.000 10.000 
dt0i = 0.242 0.151 0.101 0.076 0.061 
dti2 = 1.339 1.175 1.108 1.079 1.062 
dt23. = 0.838 1.341 2.011 2.682 3.352 
dt34 = 1.150 1.406 1.987 2.852 4.186 
Teconv = 3.569 4.074 5.207 6.688 8.661 
dt03. = 2.419 2.667 3.220 3.836 4.475 
Input Voltage = 22.00 V pS 
Io (A) = 2.500 4.000 6.000 8.000 10.000 
dt01 = 0.266 0.166 0.111 0.083 0.067 
dti2 = 1.390 1.198 1.120 1.087 1.069 
dt23. = 0.762 1.219 1.829 2.438 3.048 
dt34 = 0.988 1.153 1.557 2.136 2.958 
Tconv = 3.406 3.737 4.616 5.744 7.141 
dt0Q3 = 2.418 2.584 3.060 3.608 4.183 
Input Voltage = 24.00 V 
Io (A) = 2.500 4.000 6.000 8.000 10.000 
dt0i = 0.290 0.182 0.121 0.091 0.073 
dti2 = 1.442 1.223 1.133 1.096 1.075 
dt23. = 0.698 1.117 1.676 2.235 2.794 
dt34 = 0.870 0.975 1.268 1.682 2.241 
Tconv = 3.301 3.498 4.199 5.103 6.183 
dt03 = 2.431 2.522 2.930 3.421 3.941 
Input Voltage = 27.00 V 
Io (A) = 2.500 4.000 6.000 8.000 10.000 
dt0i = 0.327 0.204 0.136 0.102 0.082 
dtl2 = 0.516 1.264 1.153 1.109 1.085 
dt23. = 0.621 0.993 1.490 1.987 2.483 
dt34 = 0.442 0.793 0.983 1.253 1.604 
Tconv = 1.906 3.254 3.763 4.451 5.294 
dt03 = 1.464 2.461 2.780 3.198 3.650 


Additional Information: 
Zr(Ohms) = 10.526 


wR(KRads)= 3140 
Cr¢nF) = 30.254 
trquH) = 3.352 
Vdsmax = 135 
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THE UCC3883 AND UCC3885 MEET ISDN REQUIREMENTS IN 
A SWITCH MODE POWER CONVERTER 


Larry Wofford 
Design Manager 


ABSTRACT 


The recommendations of Section 9 from CCITT 1.430 include several requirements that make the design of ISDN 
compatible power supplies complicated. This paper covers a set innovative solutions to simplify the design task 


using a new pair of integrated circuits. 
Specific areas addressed will include: 


1) Providing a highly regulated output voltage while maintaining galvanic isolation, 
2) Soft Starting a power converter with an isolation barrier in the voltage feedback loop, 


3) Synchronization of an isolated power converter, 


4) Providing continuous inrush current limit capability, 

5) Communicating restricted mode and other status information to a secondary-side CPU or controller, 
6) Handling output overload conditions in a flyback topology, and 

7) Power consumption budgeting for ISDN restricted mode operation. 


ISDN POWER SUPPLIES 


The design of ISDN terminal equipment (TE) power 
supplies, in many ways, is identical to the common 
garden variety 100W computer power supply... at least 
the physics of the power transfer comes from the same 
text book. However, ISDN supplies are typically very 
demanding in the areas of size, cost, and efficiency. A 
supply required to be fully compatible with the recom- 
mendations of CCITT 1.430 has significant additional 
complexity. Solutions to the specific technical hurdles 
will certainly be accepted as commonplace soon. For 
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the time being, however, they represent some new 
challenges. | 


Galvanic isolation is often required. Transformer 
coupled switching stages nicely address the isolation 
issue for power transfer, but other entities must cross 
the isolation boundary besides power. If tight output 
regulation is not at issue, then a tertiary winding can be 
used to achieve some level of regulation. However, 
many times output regulation must be controlled from 
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FIGURE 1A 
ISOLATION FEEDBACK BRIDGE 
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the secondary side of the circuit. This means a feed- 
back signal must also cross the isolation boundary. 


Common to any isolated supply with feedback across 
the isolation boundary is the problem of starting the 
supply. Some sensible fashion of primary side “blind” 
soft start followed by a secondary side take over must 
be carefully planned. 


ISDN supplies have other bits of information that need 
to cross the boundary. If voice band aliasing is a key 
concern, then a synchronizing signal must cross the 
boundary from a secondary side frequency reference 
to slave the repetition rate of the power switch. In 
addition, restricted mode information from the Network 
Termination (NT) is conveyed to the TE via line polarity. 
This information then, is on the primary side of the 
power supply, but needs to be known on the secondary 
side. Another useful item of information is the status of 
the line voltage which presents the same problem as 
the restricted mode status information. 


Another feature required of ISDN supplies is inrush 


current limiting. Again, though this is nota new concept 
to power supplies, itis important fornew reasons. High- 
power converters are fed from low impedance sources 
and inrush currents can be large enough to damage 
components if not properly managed. ISDN supplies, 
being fed from relatively high impedance lines, need to 
control inrush so as not to interfere with other TEs 
already connected to the network. Inrush events of 
concern occur when a TE is connected to a network or 
when the NT reverses polarity from normal mode to 
restricted mode or vice versa. | 
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Of all the differences, perhaps one of the most dramatic 
is the requirement to process power over an extremely 
wide range. In restricted mode, when the TE can draw 
only 25mW, it is essential that both good output regu- 
lation be maintained while holding efficiency as high as 
possible. The discontinuous flyback is most often 
chosen as the topology to accomplish this feat. 


SECONDARY SIDE REGULATION 


The discontinuous flyback topology, chosen for it’s 
efficiency at light load, naturally lends itself to power 
transfer across an isolation boundary. In order to 
achieve tight output regulation over all conditions, the 
voltage reference and error amplifier must reside on the 
secondary side of the circuit. The output of the error 
amplifier must then be transmitted to the primary side 
of the circuit in order to close the feedback loop. 


The UCC2885 and UCC2883 are new control chips 


‘designed specifically for ISDN supplies. A pulse width 


encoded scheme (Figure 1) is used by the chip set to 
bridge the isolation barrier. 


TRANS-ISOLATION COMMUNICATIONS 


Key to achieving good regulation with galvanic isolation 
is the trans-isolation communications scheme imple- 
mented by the 2885 and 2883. The isolation boundary 
is bridged by a pulse transformer which carries four 
distinct information entities across the boundary. 
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FIGURE 1B 
ISOLATION FEEDBACK WAVEFORMS 
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The first bit of information is clock synchronization. At 
the beginning of a normal oscillator period on the 
secondary side, the 2885 will drive a very short duration 
positive polarity pulse through the transformer. This 
pulse is used to synchronize the oscillator on the 2883. 
The same timing components are used on both chips to 
achieve optimal tracking of the oscillator ramps. Since 
the 2883 frequency is slaved to the 2885, an external 
frequency reference introduced to the 2885 SYNC 
input will automatically lock the converter to a master 
frequency reference. The SYNC input is CMOS logic 
compatible. 


It is important that both chips have similar oscillators, 
since they play a key role in transferring the error 
amplifier information across the boundary. The sec- 
ondary side oscillator ramp is compared to the error 
amplifier output in classical pulse width modulation 
fashion. When the ramp crosses the amplifier output, 
a second pulse is applied to the transformer, this one of 
identical duration but opposite polarity. On the primary 
side,this pulse is used to sample and hold the 2883 
oscillator ramp. This voltage is the decoded analog of 
the secondary side error amplifier output. Even if the 
oscillator ramps have a 20% mismatch, that represents 
only 2dB of gain error which has no impact on either 
loop compensation or output regulation accuracy. 


A key benefit to this communications technique is the 
fact that the feedback signal is digitally encoded before 
it crosses the isolation boundary, resulting in excellent 
noise immunity in a naturally noisy environment. An- 
other noteworthy item is that the short pulses driven into 
the transformer allow minimum power loss in the tech- 
nique while requiring as little as 50UH of magnetizing 
inductance. 


What if the 2885 error amplifier is temporarily driven 
fully low by a negative load step? Contrary to the 
description above, the 2885 will ship a single negative 
polarity pulse at the beginning of each oscillator cycle. 
The 2883 understands this as a request for zero duty 
cycle while maintaining oscillator synchronization. This 
confirms to the 2883 that the 2885 is still in control. 


The other two bits of information flow from the primary 
to the secondary. The 2883 has two comparators to 
monitor restricted mode status and line voltage. When 
the 2883 receives the first pulse to mark the beginning 
of the oscillator period, if the NT is in normal mode, the 
2883 will shunt a low value of resistance across the 
pulse transformer. This sudden impedance change is 
detected by the 2885 and it latches this data which will 
then appear at the RMODE pin of the 2885 indicating 
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the system is not in restricted mode. If the NT changes 
polarity for restricted mode, then the shunting action 
will not take place and the 2885 will appropriately 
decode this fact and change the RMODE status output. 


Likewise, if the 2883 detects low input line voltage then 
the same shunting action occurs during the second 
communications pulse. The 2885 interprets this action 
and drives the LOLINE status output accordingly. 


Implemented this way, the Low Line information actu- 
ally has priority over restricted mode information, since 
it is carried on the second pulse instead of the first. 
(Recall the first will not occur when the 2885 is request- 
ing zero duty cycle.) The power loss caused by the 
shunting resistor is small, but even so, the convention 
chosen requires no shunting action when the system is 
in restricted mode and the line is sufficiently high. This 
is the set of circumstances where efficiency is most 
critical. 


Note the magnetizing current in the pulse transformer 
is not going to become unwieldy. For normal operation, 
the widths of the first and second pulses track and so 
there is first ordervoltsecond balance. Between pulses 
the 2885 drives both terminals of the transformer low. 
Any mismatch in communication pulses will result in a 


circulating current between pulses. Two things limit 


this current. First is the.selection of the magnetizing 
inductance. While the chips will function with 50uH, 
larger values will obviously reduce circulating current 
and lower the power loss. Secondly, the 2885 driver 
has finite impedance, and will tend towards a compen- 
sating offset voltage to keep. the core balanced. For 
reasonable values of magnetizing inductance, this off- 
set voltage will not materially affect the noise immunity 
of the communications scheme. 


PRIMARY SIDE “BLIND” SOFT START 


Orderly start up using the 2885 and 2883 is a relatively 
simple task. When line voltage is first applied (Figure 
2), a depletion mode NMOS controlled by a linear 
preregulator amplifier in the 2883 supplies initial start 
up current. The control amplifier will regulate Vcc to 
9.5V. Afterthe power supply is operational, a bootstrap 
winding will more efficiently supply power to the IC by 
raising Vcc above 9.5V. The control amplifier, driven 
out of regulation, will hold the gate of the NMOS at 
ground. 

When the rising supply voltage (Figure 3) to the 2883 
exceeds 4.4V, the chip will initiate a blind soft start. The 
capacitor on the CSTART pin is slowly charged by a 
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FIGURE 2 
9.5V PRE-REGULATOR 


25uA current. The rising voltage on CSTART is com- 
pared to the free running local oscillator to pulse width 
modulate the output switch. — 


As the duty cycle increases, progressively more and 
more energy is delivered to the secondary side and the 
output voltage begins to rise. The 2885 will remain 
dormant until it's Vcc exceeds 2.8V. This is the point at 
which it starts charging the capacitor on SOFT REF. 
The 2885 issues no feedback pulses, however, until the 
SOFT REF catches the sense voltage fed back to the 
inverting input of the error amplifier forcing the amplifier 
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output high. 

Upon receipt of the first feedback signals from the 2885, 
the 2883 immediately ceases it’s blind soft start and 
begins obeying the feedback signal from the 2885. 
Orderly soft start is then completed under closed loop 
control as SOFT REF finishes charging to 2.0V. 
TRANSIENT LINE CURRENT 


1.480 strictly addresses the surge current a TE may 
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FIGURE 3 
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require of the NT. For practical purposes, it is sufficient 
to discuss a current mask composed of an undefined 
current for an initial period of 5us followed by a limited 
current of 55mA. There is more that must be consid- 
ered to achieve full compliance, but solving this part of 
the exercise will make the remainder rather trivial. 


The 2883 is used to control (Figure 4) a PMOS device 
in series with the return of the power feed. Current 
programmed by an external resistor RBIAS is scaled 
and forced into the input current limit resistor RP. TE 
return current is sensed by resistor RS. As long as the 
drop across RS is less than the drop on RP, the contro! 
amplifier will saturate in the negative direction causing 
the PMOS to behave as a low resistance switch. If 
return current attempts to increase without bound, the 
amplifier takes over and the current is held to a value 
programmed as: 
ILIMIT = (RP/RS + 1) * 0.4V / RBIAS. 


RP and RS should be chosen for a voltage drop large 
enough to render control amplifier offset inconsequen- 
tial. Remember, however, that large values of RS 
represent power loss. This is most likely only a full load 
concern, and has little effect on restricted mode. For 
example, if the current limit value is 55mA and RS is 
chosen for a 150mvV drop, then when running at 24V in 
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restricted mode, the loss in RS is only 3uW. Efficiency 
at full load (assuming 1W) is impacted by a loss of 
4.7mW (less than 0.5%). 


The 10pF capacitor across RP is added to maintain 
good phase margin in the control loop. The diode 
shunting RS will limit any error voltage stored on the 
10pF cap during the initial inrush transient. 


Note that resistor RI shunting the PMOS is essential to 
start up. When power is first applied, the control ampil- 
fier output cannot go to a negative potential. RI will 
bleed charge onto the input bypass capacitor until there 
is enough voltage for the 2883 to operate properly. 


RESTRICTED MODE POWER BUDGET 


Blanc [Reference 2] has carefully analyzed the power 
consumption budget of a supply intended to be partially 
compatible with 1.430. Essentially there is no change in 
that evaluation for the 2885 and 2883 and it need not be 
repeated here. When operating with 25mW of input 
power, a fully 1.430 compatible supply built with the 
2885 and 2883 can supply approximately 13mW of 
regulated power. 


+ViN 
CO) 
SWITCHER C 
BULK 
10pF 
C 
Cc Re 
/N 
Ri 
V LIMIT 
UCC1883 ! 
-ViN 
FIGURE 4 
INPUT CURRENT LIMIT 
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1.430 recommendations also allow for supplies operat- 
ing at higher input line voltage, and at power levels up 
to 8W. The bias currentin the chip set is programmable 
and the power switch is external to allow for evolving 
1.430 specification. | | 


OVERLOAD MANAGEMENT 


Perhaps a drawback of the discontinuous flyback 
converter is the current stress the output diode must 
ehdure during short circuit. If the diode is chosen to 
survive this condition, then it is vastly over designed 
for nominal full load conditions. A means to alleviate 
this problem is to never allow the converter to oper- 
ate for extended periods of time in a current limit 
condition. | 


The 2883 has a pin to time overload conditions (Figure 
5). Acurrent will charge or discharge a capacitor on the 
overload pin, COL. As long as each pulse is terminated 
by normal PWM action, the current discharges the pin. 
When ever the output is terminated due to Isense 
exceeding the peak current limit threshold, the COL pin 
is charged. If a number of consecutive cycles are 
terminated for this cause, then the COL voltage. will 
exceed an internal 1.5V threshold causing the chip to 
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shut down. A restart delay period will be observed 
before switching may again commence. This method 
will effectively limit the duty cycle of the stress on the 
output diode, allowing the diode to be specified for full 
load operation instead of over specified for short circuit 
operation. | 


On any cycle that the Isense pin exceeds the peak 
current limit threshold by 25%, the chip will immediately 
shut down and initiate restart delay. 


SUMMARY — A SAMPLE ISDN 1W SUPPLY 


Power supplies for ISDN applications can be designed | 
without inordinate pain where the special requirements 
of 1.480 are concerned (Figures 6, 7 and 8). The 
primary and secondary are galvanically isolated in a 
supply using the UCC2883/2885 chip set. Better than 
3% output regulation can be achieved for input power 
ranging from 25mW to 1W. Efficiency at 25mW will 
exceed 50%. Inrush current can accurately be limited to 
55mA both for line transients and for hot connection to 
the line. Initial inrush transient currents in excess of 
55mA will be suppressed within 5us. Input line polarity 
and amplitude can be known on the secondary side via 
two CMOS logic compatible status bits. 
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FIGURE 6 
ISDN 1W SUPPLY 
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Average Current Mode Control 
of Switching Power Supplies 


Lloyd Dixon 


Abstract 

Current mode control as usually implemented 
in switching power supplies actually senses and 
controls peak inductor current. This gives rise to 
many serious problems, including poor noise 
immunity, a need for slope compensation, and 
peak-to-average current errors which the inherent- 
ly low current loop gain cannot correct. Average 
current mode control eliminates these problems 
and may be used effectively to control currents 
other than inductor current, allowing a much 
broader range of topological application. 


General Perspective 

Current mode control is a two-loop system 
as shown in the simple example of Fig. 1. The 
switching power supply inductor is “hidden” 
within the inner current control loop. This 
simplifies the design of the outer voltage con- 
trol loop and improves power supply perfor- 
mance in many ways, including better dynamics. 
The objective of this inner loop is to control 
the state-space averaged inductor current, but 
in practice the instantaneous peak inductor 
current is the basis for control. (Switch current 
--equal to inductor current during the “on” 
time--is often sensed.) If the inductor ripple 
current is small, peak inductor current control 
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is nearly equivalent to average inductor current 
control. 

In a conventional switching power supply 
employing a buck derived topology, the induc- 
tor is in the output. Current mode control then 
is actually output current control, resulting in 
many performance advantages. On the other 
hand, in a high power factor preregulator using 
the boost topology, the inductor is in the input. 
Current mode control then controls input 
current, allowing it to be easily conformed to 
the desired sinusoidal waveshape. 


Peak Current Mode Control Problems 
Poor noise immunity. The peak method of 
inductor current control functions by comparing 
the upslope of inductor current (or switch 
current) to a current program level set by the 
outer loop-see Fig. 1. The comparator turns 
the power switch off when the instantaneous 
current reaches the desired level. The current 
ramp is usually quite small compared to the 
programming level, especially when V,,, is low. 
As a result, this method is extremely suscepti- 
ble to noise. A noise spike is generated each 
time the switch turns on. A fraction of a volt 
coupled into the control circuit can cause it to 
turn off immediately, resulting in a subhar- 
monic operating mode 
with much greater ripple. 
Circuit layout and bypass- 
ing are critically important 
to successful operation. 
Slope compensation 
required. The pcak cur- 
rent mode control method 
is inherently unstable at 
duty ratios exceeding 0.5, 


waicial 
vi 
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Fig. 1 - Peak Current Mode Control Circuit and Waveforms 
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resulting in sub-harmonic oscillation. A com- 
pensating ramp (with slope equal to the induc- 
tor current downslope) is usually applied to the 
comparator input to eliminate this instability. In 
a buck regulator the inductor current down- 
slope equals V,/L. With V, constant, as it 
usually is, the compensating ramp is fixed and 
easy to calculate—but it does complicate the 
design. With a boost regulator in a high power 
factor application, the downslope of inductor 
current equals (V;,-V>)/L and thus varies con- 
siderably as the input voltage follows the recti- 
fied sine waveform. A fixed ramp providing 
adequate compensation will overcompensate 
much of the time, with resulting performance 
degradation and increased distortion. 

Peak to average current error. The peak to 
average current error inherent in the peak 
method of inductor current control is usually 
not a serious problem in conventional buck- 
derived power supplies. This is because induc- 
tor ripple current is usually much smaller than 
the average full load inductor current, and be- 
cause the outer voltage control loop soon elimi- 
nates this error. 

In high power factor boost preregulators the 
peak/avg error is very serious because it causes 
distortion of the input current waveform. While 
the peak current follows the desired sine wave 
current program, the average current does not. 
The peak/avg error becomes much worse at 
lower current levels, especially when the induc- 
tor current becomes discontinuous as the sine 
wave approaches zero every half cycle. To 
achieve low distortion, the peak/avg error must 
be small. This requires a large inductor to 
make the ripple current small. The resulting 
shallow inductor current ramp makes the 
already poor noise immunity much worse. 

Topology problems. Conventional peak 
current mode control actually controls inductor 
current. As normally used for output current 
control, it is most effective when applied to a 
buck regulator where the inductor is in the 
output. But for flyback or boost topologies the 
inductor is not in the output, the wrong current 
is controlled, and much of the advantage of 
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current mode control is lost. _ : 

Likewise, the boost topology with its induc- 
tor at the input is well suited for input current 
control in a high power factor preregulator, but 
buck and flyback topologies are not well suited 
because the inductor is not in the input and the 
wrong current is controlled. 


Average Current Mode Control 

Peak current mode control operates by 
directly comparing the actual inductor current 
waveform to the current program level (set by 
the outer loop) at the two inputs of the PWM 
comparator. This current loop has low gain and 
so cannot correct for the deficiencies noted 
above. 

Referring to Fig. 2, the technique of average 
current mode control overcomes these prob- 
lems by introducing a high gain integrating 
current error amplifier (CA) into the current 
loop. A voltage across Rp (set by the outer 
loop) represents the desired current program 
level. The voltage across current sense resistor 
Rs represents actual inductor current. The 
difference, or current error, is amplified and 
compared to a large amplitude sawtooth (oscil- 
lator ramp) at the PWM comparator inputs. 

The gain-bandwidth characteristic of the cur- 
rent loop can be tailored for optimum perfor- 
mance by the compensation network around 
the CA. Compared with peak current mode 
control, the current loop gain crossover fre- 
quency, f-, can be made approximately the 
same, but the gain will be much greater at 
lower frequencies. | 

The result is: 

1) Average current tracks the current pro- 
gram with a high degree of accuracy. This is 
especially important in high power factor 
preregulators, enabling less than 3% harmonic 
distortion to be achieved with a relatively small 
inductor. In fact, average current mode control 
functions well even when the mode boundary is 
crossed into the discontinuous mode at low 
current levels. The outer voltage control loop is 
oblivious to this mode change. | 

2) Slope compensation is not required, but 
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there is a limit to loop gain at the switching 
frequency in order to achieve stability. 

3) Noise immunity is excellent. When the 
clock pulse turns the power switch on, the 
oscillator ramp immediately dives to its lowest 
level, volts away from the corresponding cur- 
rent error level at the input of the PWM 
comparator. 

4) The average current mode method can be 
used to sense and control the current in any 
circuit branch. Thus it can control input current 
accurately with buck and flyback topologies, 
and can control output current with boost and 
flyback topologies. 


Designing the Optimum Control Loop 
Gain Limitation at fg Switching power 
supply control circuits all exhibit subharmonic 
oscillation problems if the slopes of the wave- 
forms applied to the two inputs of the PWM 
comparator are inappropriately related. 

With peak current mode control, slope 
compensation prevents this instability. 

Average current mode control has a very 
similar problem, but a better solution. The 
oscillator ramp effectively provides a great 
amount of slope compensation. One criterion 
applies in a single pole system: The amplified 
inductor current downslope at one input of the 
PWM comparator must not exceed the oscillator 
ramp Slope at the other comparator input. This 
criterion puts an upper limit on the current 
amplifier gain at the switching frequency, 
indirectly establishing the maximum current 
loop gain crossover frequency, fc. It is the first 
thing that needs to be considered in optimizing 
the average current mode 
control loop. 

In the following exam- 
ples, we assume that the 
power circuit design has 
been completed, and only 
the CA compensation 
remains to be worked out. 
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Example 1: Buck Regulator Output Current. 
The simple buck regulator shown in Fig. 2 has 
the following operating parameters: 


Switching Frequency, f; = 100 kHz 
Input Voltage, Vi, = 15 - 30V 
Output Voltage, Vp = 12V 
Output Current, Jy = 5A (6A O.L.) 
Inductance, L = 60 pH 
max. Al, @ 30V (100 kHz) = 1.2A 
Sense Resistance, Rs = 0.19 


Crp is temporarily omitted. Zero R; Cry is 
well below the switching frequency. Near f; , 
the amplifier gain is flat. The overall current 
loop has only one active pole (from the induc- 
tor). 

The inductor current is sensed through Rg. 
(How this is accomplished will be discussed 
later.) The inductor current waveform with its 
sawtooth ripple component is amplified and 
inverted through the CA and applied to the 
comparator. The inductor current downslope 
(while the switch is off) becomes an upslope, as 
shown in Fig. 2. To avoid subharmonic oscilla- 
tion, this off-time CA output slope must not 
exceed the oscillator ramp slope. In Fig. 2, the 
off-time CA output slope is much less than the 
oscillator ramp slope, indicating that the CA 
gain is less than optimum. 


Calculating the slopes: 
Inductor Current Downslope = Vo/L 
Oscillator Ramp Slope = Vs/Ts = Vs f, 


Where V, is the oscillator ramp p-p voltage, T; 
and f; are the switching period and frequency. 





Fig. 2 - Average Current Mode Control Circuit and Waveforms 
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The inductor current downslope is translated 
into a voltage across current sense resistor R, 
and multiplied by the CA gain, G,,. This is set 
equal to the oscillator ramp slope to determine 
the CA gain allowed at f;: 


(Vo/L)RsGcy = Vsfs 
a _ Vs f,L (1) 


Pps VoRs 
Applying the values given in the example, and 
with V,; of 5Vpp, the maximum Gy at the 
switching frequency is 25 (28dB). The current 
error amplifier gain at f, is set to this optimum 
value by making the ratio R,;/R, = 25. 

The small-signal control-to-output gain of 
the buck regulator current loop power section 
(from vc, at the CA output, to ves, the voltage 
across Rg ) is: 





. max Ga = 


Prs _ Rs Vw _ 15% (@aoyy (2) 
Vea Vy, sb | oe 


The overall open loop gain of the current 
loop is found by multiplying (1) and (2). The 
result is set equal to 1 to solve for the loop 
gain crossover frequency, fc: 

Rg Vin Vs fsb 
V, 2nf.L VOR, 








fo = {sVin _ fs (3) 


2nVo 2xD 


Setting the C4 gain at the limit found in (1), 
the crossover frequency will never be less than 
one sixth of the switching frequency. (This is 
exactly the same result reported by Middle- 
brook [1] for peak current mode control with 
recommended slope compensation.) In this 
example, f. is 20 kHz with V,, at 15V (D=.8), 
and 40 kHz when V,y at 30V (D=.4). 

If the error amplifier had a flat gain charac- 
teristic, the phase margin at crossover would be 
90°—much more than required—and the gain 
at lower frequencies wouldn’t be much better 
than with peak current mode control. But zero 
R;Crz placed at 10 kHz, below the minimum 
crossover frequency, reduces the phase margin 
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to 63°, and boosts the low frequency gain 
dramatically, with an integrator gain of 250K/f. 
It is this characteristic which causes the current 
loop to rapidly and accurately home in on the 
average current called for by the outer loop. 
Even though the comparator actually turns off 
the power switch when a peak inductor current 
is reached, this peak current level is adjusted 
by the current amplifier so that the average 
current is correct. 

Fig. 3 shows the start-up waveforms of the 
voltages at the PWM comparator inputs and 
the inductor current with V,, at 30V and full 
load. Note how the amplified and inverted 
inductor current downslope virtually coincides 
with the oscillator ramp, because the CA gain 
was set at the optimum level according to 
Equation (1). Note also that if the CA gain is 
increased further, not only will the off-time 
slope exceed the oscillator ramp slope, but the 
positive excursion may reach the CA compli- 
ance limit, clipping or clamping the waveform. 





Vin=30 : 
Voz12 + 


Fig. 3 - Buck Waveforms, Optimized Gain 


Pole Ry Crp Crz/(Crp+ Crz) is set at switch- 
ing frequency f, (100 kHz). This pole has one 
purpose—to eliminate noise spikes riding on the 
current waveform, the nemesis of peak current 
mode control. The sawtooth CA output wave- 
form is also diminished, especially the higher 
order harmonics, and shifted in phase as shown 
in Fig. 4. The pole-zero pair (at 100 kHz and 
10 kHz) reduces the phase margin at crossover 
to a very acceptable 45°—see Fig. 5. 

The reduced amplitude and slopes of the CA 
waveform resulting from the 100 kHz pole 
might suggest that the CA gain could be in- 
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Fig. 5 - Buck Regulator Bode Plot 


creased beyond the maximum value from 
Equation (1), but beware—Eq. (1) is valid only 
for a system with a single pole response at f, , 
but with C,p added there are now two active 
poles at f, . Experimentally, increasing G;, may 
incur subharmonic oscillation. 
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Discontinuous Operation. When the load 
current J, becomes small, the inductor current 
becomes discontinuous. The current level at the 
continuous/discontinuous mode boundary 1s: 


Vo Viy- Vo) 


i ke a (4) 
Vin 2fsL 


I, = 1, = 


Worst case is at max V,,, when ripple 
current is greatest. In this example, the mode 
boundary occurs at I, (=J,) of 0.2A when Vjy 
is 15V, and at 0.6A when V,, is 30V. 

In the discontinuous mode, below the mode 
boundary, changes in J, require large duty 
cycle changes. In other words, the power circuit 
gain suddenly becomes very low. Also, the 
single pole characteristic of continuous mode 
operation with its 90° phase lag disappears, so 
the power circuit gain is flat-independent of 
frequency. The current loop becomes more 
stable, but much less responsive. 

With peak current mode control in the 
discontinuous mode, peak/avg current error 
becomes unacceptably huge. But with average 
current mode control, the high gain of the 
current error amplifier easily provides the large 
duty cycle changes necessary to accommodate 
changes in load current, thereby maintaining 
good average current regulation. 

Referring to Fig. 2, when the current loop is 
closed, the voltage across current sense resistor 
Vrs equals the current programming voltage 
Vcp (from the voltage error amplifier) at fre- 
quencies below f,. The transconductance of the 
closed current loop is a part of the outer 
voltage control loop: 


_ 4 _ Prs/Rs_ 1 6 
D 





R 


CP S 


The closed loop transconductance rolls off 
and assumes a single pole characteristic at the 
open loop crossover frequency, fs. 
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Example 2: Boost Regulator Input Current. 
A 1 kW off-line preregulator (Fig 6) operates 
with the following parameters: 


Switching Frequency, f; = 100 kHz 
Input Volts, Vy = 90 - 270V rms 
Output Volts, Vo = 380Vdc 
Max. O.L. I (@90V) = 12A rms, 17A pk 
| L 


= 0.25mH 
Al, Aly @90V = 3.4A , 
7 Rs = 0.050 


The max. overload line current at min. Vj, 
corresponds to 1080W input. The max. peak 
overload 60Hz line current (17A) should—by 
design—correspond to a limit on the current 
programming signal, J-p. The max peak 100kHz 
current through the switch and rectifier is 17A 
plus one-half AJ,: 17 + 3.4/2 = 18.7A 





Fig. 6 - Boost Preregulator Circuit 


The current downslope occurs when the power 
switch is off: | 3 


Inductor Current Downslope = (V,-V,,)/L : 


Worst case when V,,=0: =V,/L 
Oscillator Ramp Slope = Vs/Ts = Vsf. 


Multiply the downslope by Ry and CA gain and 
set equal to the oscillator ramp slope, then 
solve for maximum CA gain: 


(Vo/L) Rs Ga = Vsfs 


max G,, = Poa = sist 
o Ps VoRs 


(6) 





Note the form of Equation (6) is identical to 
the buck regulator in (1). Using the values for 
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this application, the maximum Gc, is 6.58, 
accomplished by making R,/R, = 6.58. 

The small-signal control-to-input gain of the 
current loop power section (from v,;, at the CA 
output, to ve, , the voltage across Rg ) is: 


rs _ Rs Vo _ 2420 (7) 


ee A ee 

Note that (7) is nearly identical to (2) for 
the buck regulator, except the gain depends on 
Vo (which is constant), rather than Vj, . 

The overall current loop gain is found by 
multiplying (6) and (7). The result is set equal 
to 1 to solve for the crossover frequency, fc: 

Rs Vo Vsfsl _, 
V, 2nf.L VoRs 
oe ds 8 
7 te oo (8) 
With the CA gain at the limit found in (6), the 
current loop f¢ is fixed at f,/6 (16.7 kHz). 

As with the earlier example, with a flat gain 
error amplifier the phase margin at crossover 
is 90°—larger than necessary. So zero R; Cz; is 
set at 1/2 of the minimum crossover frequency 
(fc/2 = fs/12 = 8.33 kHz), providing a low 
frequency boost with an integrator gain of 
55K/f. Pole Ry Crp Crz/(Crp+Cpz) is set at 6 
times the zero frequency (50 kHz) to eliminate 
noise spikes. Together, the zero at 8.33 kHz 
and the pole at 50 kHz leave a phase margin at 
crossover of 40°. Startup waveforms are shown 
in Fig. 7, and the Bode plot in Fig. 8. 












Vin=170 


Vo=380 Pin=1000W : 


psec 


Fig. 7 - Boost Regulator Waveforms 
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Referring back to Fig. 6 — when the current 
loop is closed, the voltage across current sense 
resistor Vp, equals the voltage across current 
programming resistor Vp-p. In this case, pro- 
grammed with a current source Jp, the current 
gain of the closed current loop is: 


- 1 _ Pr/Rs _ Re 
lop rcp /Rep Rs 
The closed loop current gain rolls off and 
assumes a single pole characteristic at the open 


loop crossover frequency, fs. 





Fig. 8 - Boost Regulator Bode Plot 


In a high power factor preregulator applica- 
tion, the current is programmed to follow the 
rectified line voltage. As the rectified sine wave 
voltage and current approache the cusp at zero, 
the inductor current becomes discontinuous. 
Discontinuous operation can occur over a 
substantial portion of the line cycle, especially 
when line current is low at high line voltage 
and/or low power input. With peak current 
mode control, discontinuous operation results 
in a large peak/average current error. A large 
inductance is required to make ripple current 
small and put the mode boundary at a low 
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current level. However, average current mode 
control eliminates the peak/average error. A 
small inductance can and should be used to 
reduce cost, size and weight and improve 
current loop bandwidth. 

Figure 9 shows a boost preregulator pro- 
grammed to follow a 60 Hz (rectified) sine 
wave input. The lower waveforms show the 
programmed and actual line current waveforms. 
(The programmed waveform has been in- 
creased by 5% to make the two waveforms 
visible. The actual waveform leads the pro- 
grammed waveform by a small amount and has 
less than 0.5% 3rd harmonic distortion! The 
upper waveforms show the duty cycles of the 
switch and diode throughout the line cycle. The 
inductor current is continuous when the current 
is high, and the switch and diode duty cycles 
add up to 1. But as the current approaches 
zero crossing, operation becomes discontinuous 
as shown by the appearance of “dead” time 
(when neither the switch, the diode, or the 
inductor are conducting). 









60 Hz 
Vin=270 
Vo=390 
Pin=1000W 
‘ PROGRAM (x1.05) og ‘ 
—§+-------- , rs een Se deen een ee ee sewer eceee te wenewce + 
0 4 msec 8 1 2 ; : 1 6 


Fig. 9 - Boost 60Hz Sine Wave Input Current 







Note that the switch duty cycle does not 
change as much when operation becomes. 
discontinuous. With the boost (and _ flyback) 
topology in the discontinuous mode, average 
input current tends to follow input voltage at a 
constant duty cycle. Even though plenty of CA 
gain is available to change the duty cycle, little 
change is required for perfect tracking. 

Figure 10 shows how the actual input current 
sine wave tracks the programming signal at 400 
Hz. The distortion is worse -- 4.5% 3rd har- 
monic. This is for two reasons: 
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Fig. 10 - Boost 400Hz Sine Wave Input Current 


1. The harmonic components of the rectified 
400 Hz waveform are at higher frequencies 
and closer to the current loop crossover 
frequency where the loop gain is less, com- 
pared with the 50 or 60 Hz harmonics. 

2. The inductor current has difficulty rising off 
zero because the input voltage is so very low 
at that point. So the inductor current lags 
coming off zero, then catches up and over- 
shoots the programmed level. (This effect is 
much worse with peak current mode control 
because of the large inductor required.) 


Controlling Average Switch Current 
In the previous examples, average current 
mode control was applied to controlling induc- 


tor current (buck output current and boost. 


input current). This is relatively easy because 
the inductor current is mostly DC with only a 
small amount of ripple to deal with. But if it is 
desired to use a buck or flyback topology to 
control input current in a high power factor 
application, then the chopped current waveform 
through the power switch must be averaged, a 
more difficult task. 

Example 3: Flyback Regulator Input 
Current: A 1000 W off-line preregulator uses 
a flyback circuit in order to achieve a standard 
300V output bus even though the input voltage 
ranges above and below 300V (Figs. 11,12). 

The flyback converter could be designed to 
operate in the discontinuous inductor current 
mode in this application. The discontinuous 
flyback converter is not difficult to control 
(crudely) by fixing the duty cycle during each 
line half-cycle, but the peak currents through 
the power switch and rectifier are nearly twice 
as high as with continuous mode operation. 





Fig. 11 - Flyback Preregulator Circuit 


The high peak current lowers efficiency and re- 
quires devices with higher current ratings. 

Continuous mode operation suffers the 
problem that the boundary is crossed into the 
discontinuous mode at light loads and high 
input voltage, unless a large filter inductor is 
used, which hurts the frequency response and 
the power factor as well as the pocketbook. 

This dilemma disappears with average cur- 
rent mode control because it functions well in 
the discontinuous as well as the continuous 
mode, enabling the use of a small inductance 
value. In this example, the flyback converter 
operates in the continuous mode when it is 
important do so--at high current levels, to keep 
the maximum peak current to half that of a 
strictly discontinuous flyback converter. The 
operating parameters are: 


Switching Frequency, f; = 100 kHz 
Input Volts, Vj, = 90 - 270V rms 
Output Volts, Vp = 300V dc 
Max. O.L. Ijy (@90V) = 12A rms, 17A pk 
: L = 0.25mH 
AI, @90V = 3.6A 
Ry = 0.0250 


The max. overload rms line current at min. 
Vin equates to 1080W input (2160Wpk 60Hz). 
The max. overload peak 60 Hz line current 
(17A) should be made to correspond to a limit 
on the current programming input, I¢p. Unlike 
the boost converter, the flyback input current is 
chopped, so the peak 100kHz current through 
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the switch, the inductor, and the rectifier are 
much greater than the 60 Hz peak current-see 
Fig. 12. The worst case, at low line and max. 
overload input current is: 


Add to this one-half A/, to obtain the abso- 
lute max. peak current through the switch, 
inductor, and rectifier: 24.2 + 3.6/2 = 26A. 

Compared to the boost converter, the fly- 
back topology requires higher current and 
higher voltage devices and generates a lot more 
input noise because of the chopped waveform. 
In its favor, the flyback converter can operate 
with any input/output voltage ratio, can provide 
current limiting, and input/output isolation. 

As discussed in the previous example, the 
boost converter amplifier gain at f, was limited 
only by the criteria that the inductor current 
downslope must not exceed the oscillator ramp 
slope. The power circuit control-to-input cur- 
rent gain had a simple —1 slope from zero to 
fs, making it very easy to compensate. 

But with the flyback converter, the chopped 
switch current waveform will be averaged. This 
results in a lower crossover frequency, fc, and 
lower gain-bandwidth for two reasons: 


1. The large amplitude chopped current wave- 
form must be integrated by the CA. The 
upslope of the resulting triangular waveform 
at the CA output must not exceed the oscil- 
lator ramp slope. (The inductor current 
downslope is not relevant.) 

2. There 1s a zero (conventional left half-plane) 
in the control-to-input current gain charac- 
teristic. This zero moves with output current 
level. Loop gain crossover cannot be much 
higher than the lowest zero frequency. 


The small-signal control-to-input gain of the 
flyback current loop power circuit (from vc, at 
the CA output, to ve, , the voltage across R, ) 
1S: 


Pes 2 Bs], , Yo 0) 
Don V; - 'sL 
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This is the characteristic of a “normal” 
zero—a -1 slope with 90° phase lag below f, 
and flat gain with no phase shift above f>. The 
zero frequency may be calculated: 

Pra (11) 
2xLI, 


Note that the zero moves inversely with 
inductor current and inductance value. This 
zero has a big effect on loop compensation. To 
obtain the best loop response, it is important 
that f7,;, be as high as possible, by making the 
inductance small. Fortunately, with average 
current mode control, there is no need to 
worry about crossing into discontinuous opera- 
tion. The limit on making the inductance too 
small is when the inductor ripple current 
becomes too large, increasing peak switch and 
rectifier currents an undesirable amount. 

Using the specific values of this example, the 
power circuit gain is: 

Ors _ I, 960 


Se oy 


Dea 200 f 

The minimum zero frequency is 8 kHz, 
which occurs at 24.2A, the max. overload 
inductor current at 90V low line. The gain 
above f; is 0.12 (-18.4dB). The power circuit 
gain is shown in the Bode plot of Fig. 13. 

Tuming now to the current error amplifier 
(Fig. 11), the chopped input (switch) current 
waveform shown in Fig. 12 flows through Rg. 
The average value of this waveform, chopped 
at 100 kHz, is compared to the current pro- 
gram level across Rcp and amplified. Assume 
for the moment that Cp, is zero and Cpz is 
shorted. The CA gain in the vicinity of 100 
kHz is determined by integrator (R)+Rp>)C pp. 
Averaging is accomplished because the DC 
gain is high, but the 100 kHz rectangular 
waveform with its harmonics is amplified 
relatively little. The rectangular waveform is 
converted into a triangular wave as shown in 
Fig. 12. 
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Fig. 12 - Flyback Regulator Waveforms 


The optimum CA integrator gain at 100 kHz 
is the gain at which the maximum CA output 
upslope equals the oscillator ramp slope. This is 
the same principle used in the previous two 
examples, but in those cases the inductor 
(whose current was being controlled) did most 
of the averaging. The inductor did the inte- 
gration to provide the triangular ripple current 
waveform and the CA gain was flat in the 
vicinity of f;. But in this flyback preregulator 
example, the chopped switch current is being 
controlled so the averaging and the triangular 
waveshape are achieved by an integrating 
amplifier. | 

The upslope of the CA output occurs when 
the switch is off and the 100 kHz current 
waveform is at zero. The CA inputs are both at 
program voltage Vop. Vepna, equates to the 
max. overload peak 60Hz input current (17A) 
through R,. Therefore, during the switch “off” 
time, the maximum current through 
R = (R,+Rp) is: | 

I = Vcpmax a Linpk R; 





The upslope of the CA output is determined 
by the current through R, charging C;p: 


eae In R 
max CA Upslope = Sima = NMS 
: Crp CrpR, 


Oscillator Ramp Slope = V, / T, = Vsfy 
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Equating the slopes and solving for C,p: 
| ne | 
Np eS f 
a Pp sJs 
rpR | 
Cop = nets (12) 
Vf,R 


Using the values from this example, and 
assuming R = 10K (R,=9K, Rp)=1K) : 


17x .025 = 85 pF 
5x0.1x10° 10K | 


FP 


The CA integrator gain may now be calcu- 


lated and entered in the Bode plot: 
1 187,000 
Cae ate = (13) 
A -2nfRC,p f 





The compensation circuit as designed so far 
(with Cp, zero and Cz open) has high loop 
gain and is very stable only when the inductor 
current is high, maintaining the power circuit 
zero near the position shown in Fig. 13, so. that 
its gain is flat at f.. At lower current levels, the 
power circuit zero slides down to the right and 





180 
Fig. 13 - Flyback Regulator Bode Plot 
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the power circuit gain at fc has a -1 slope. With 
the -1 slope of the CA gain, the overall current 
loop gain has a slope of -2 at crossover, and 
will .ring excessively. It is necessary to add a 
pole-zero pair to the CA gain to reduce the 
slope to -1 in the vicinity of f.. Offsetting the 
integrator gain by a factor of 5, as shown in the 
Bode plot; provides a phase bump which in- 
creases the actual phase margin to 42°, a 
slightly underdamped condition (the Bode 
approximation is 31°, as shown). 

The offset factor of 5 is provided by 
Crz = 4°Cpp = 340pF. C,, and Cy> in parallel 
set the integrator gain at low frequencies to 
37,000/f. 

The location of the flat portion of the CA 
gain characteristic is determined by R,. It is 
easiest to solve this graphically using the Bode 
plot. Ideally, Z1 and P1 should bracket the 
crossover frequency. Simply slide the flat por- 
tion up and down between the integrator slopes 
until its gain is equal (but opposite in sign) to 
the power circuit gain at the same frequency as 
the center of the flat portion. That frequency is 
the crossover frequency, f;. In Fig 13, the CA 
gain in the flat portion is 10 (20dB). This is 
accomplished by: 


R, = 10R = 10(R,+R,,) = 100K (14) 


The precise value of R; (and f,) is not at all 
critical. The phase bump is broad, and the loop 
response is really determined by the integrator 
gain below fc (37,000/f). 

Finally, an additional pole Rp,C>, is placed at 
100kHz to filter out noise spikes. This pole 
frequency is too high to significantly affect 
phase margin at crossover. 

Referring back to Fig. 11 — when the cur- 
rent loop is closed, the voltage across current 
sense resistor Vp, equals the voltage across 
current programming resistor Vp-p. Program- 
med with a current source J¢p, the current gain 
of the closed current loop is identical to Eq. 9: 
rs /Rs _R 


CP (1 5) 
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Just as in the previous examples, the closed 
loop current gain rolls off and assumes a single 
pole characteristic at the open loop crossover 
frequency, f,. The moving zero of the flyback 
power circuit is hidden within the inner current 
loop, and is invisible to the outer voltage 
control loop. In fact—regardless of the power 
circuit topology—with average current mode 
control, the external characteristics of the cur- 
rent loops are identical: flat gain, rolling off 
with a single pole characteristic above the open 
loop crossover frequency. 

Example 4: Buck Regulator Input Current: 
The buck regulator is sometimes used in high 
power factor preregulator applications. It can 
only function when V, is less than V,,, so the 
output bus voltage must be low. Normally, a 
low output voltage should be avoided, because 
the bus filter capacitor becomes large and 
expensive, but in applications such as telephone 
or battery charging this is not a problem 
and/or there is no choice. With 120V line input 
and 48 volt output bus, the input current will 
drop to zero for a substantial portion of each 
line cycle, each time the instantaneous line 
voltage goes below 48V. Third harmonic distor- 
tion will be 7 - 8% at low line, but the power 
factor of 0.99 is good enough for most applica- 
tions. 

Although the flyback topology might be used 
in the same low voltage output application, the 
buck topology operates with lower inductor 
current and lower peak current through the 
switch and rectifier. Peak voltages on the 
switch and rectifier are also much lower. But 
the flyback topology can provide line isolation 
in the preregulator by using a flyback trans- 
former instead of simple inductor. | 

The buck circuit can be almost the same as 
the flyback circuit of Fig. 11, interchanging the 
inductor and the rectifier (cathode up). 

The control loop design procedure is the 
same as for the flyback in Example 3. The 
buck regulator has the same left half-plane 
zero. In fact, the power circuit control-to-input 
gain equation is identical to Eq. 10 for the 
flyback circuit. 
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Controlling Average Rectifier Current 

Peak current mode control has been used 
with great success in conventional power sup- 
plies using buck-derived topologies. It works 
well because peak current mode control actual- 
ly controls inductor current, and the inductor is 
located in the output of all buck topologies. 
When boost or flyback topologies are used, 
peak current mode control functions poorly, 
because the wrong current is controlled—the 
inductor current is not in the output. Although 
peak current mode control eliminates the 
inductor from the small-signal characteristic of 
the outer loop, the right half-plane zero present 
in boost and flyback outputs remains to plague 
outer loop compensation. 

In boost or flyback circuits, the diode is in 
the output side, and ideally the diode current 
should be controlled, not inductor current. This 
is no problem for average current mode con- 
trol. Its integrating current error amplifier can 
average the rectangular diode current waveform 
in the same way that it averages the switch 
current in the input of the buck or flyback 
preregulators discussed earlier. The right half- 
plane zero forces a lower current loop cross- 
over frequency, but the RHP zero is “buried” 
within the current loop. The outer voltage 
control loop sees only a flat gain characteristic 
with a single pole roll-off at the crossover 
frequency—just the same as all the other topol- 
ogies previously discussed. A flyback circuit 
using average current mode control is shown in 
Figure 14. 





Fig. 14 - Flyback Output Current Control 


The circuit is almost identical to the flyback 
preregulator of Fig. 11, except output current 
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is sensed and controlled. | | 

The small-signal control-to-output gain of 
the flyback current loop power circuit (from 
Vc, at the CA output, to ves, the voltage across 
R; ) 1s: 


Pes _ Rs |Yo _; (16) 
°, Veils * 


The same equation applies to controlling the 
output current of a boost circuit. Note the 
similarity with Eq. 10 for flyback or buck input 
current control. In Eq. 16, low frequency gain 
depends on V,, rather than Vp, but more 
importantly, the inductor current J, has a 
minus sign, which represents 180° phase lag 
above the zero frequency. This is the character- 
istic of a right half-plane zero, and it makes the 
loop compensation much more difficult. It is 
usually necessary to cross over at a frequency 
one half to one fourth of the RHP zero fre- 
quency in order to cross over with adequate 
phase margin. This results in lower closed loop 
bandwidth for the current loop than the previ- 
ous examples. However, once this is accom- 
plished, the RHP zero does not appear in the 
outer loop. 

It is very important to make the inductance 
small to achieve the highest possible RHP zero 
frequency. Fortunately, average current mode 
control allows the mode boundary to be 
crossed. This permits a much smaller induc- 
tance than with peak current mode control, 
resulting in a much higher RHP zero frequency 
and higher crossover frequency. 


Current Sensing 

One important advantage of having a high 
gain current error amplifier is that it permits a 
very small current sense resistor value resulting 
in low power dissipation. The CA can make up 
for the gain lost with the small resistor. 

In many applications, however, using a 
current sense resistor in the direct path of the 
current to be measured is not practical. The 
tiny R, value may be difficult to implement, 
and the power dissipation in a practical sense 
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resistor is too great. Often, the Ry, circuit 
location is at a large potential difference from 
the control circuit. This is especially a concern 
when current must be sensed on the other side 
of the isolation boundary. 

A current sense transformer (C.T.) can 
provide the necessary dielectric isolation and 
eliminate the need for an extreme low-value 
resistor. As shown in Fig. 15, this technique 


Iswircn CA 
TL PR-S P. 
0 0 
Fig. 15 


works well for average current mode control 
when the current to be sensed and averaged is 
a pulse which returns to zero within each 
switching period—such as switch current (buck 
or flyback input current) or diode current 
(boost or flyback output current). Although 
“transformers can’t couple DC”, a C.T. does 
couple the entire instantaneous current wave- 
form including its DC component if the core is 
reset to zero baseline each time the pulse goes 
to zero. 

Total reset requires the same volt-seconds 
(of opposite sign) that were applied to “set” 
the core. At duty cycles approaching 1.0—which 
can occur temporarily with most topologies—the 
time available for reset may be only a tiny 
fraction of the switching period. Achieving total 
reset in a short time requires a large backswing 
of voltage across the C.T., so don’t use low 
voltage diodes to couple the C.T. to Rs. 

With a boost converter controlling input 
current in a high power factor preregulator 
application, a current sense resistor easily ties 
in directly with the control circuit, as shown in 
Fig. 6. Nevertheless, many designers would 
prefer to use a current transformer to minimize 
power loss and allow the use of a much higher 
Ry; value. However, since the input current of 
a boost converter is the inductor current, the 
input current never goes to zero when operat- 
ing in the continuous mode. Therefore, a C.T. 
can’t be used to sense input current of a boost 
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converter because the DC value is lost, and the 
C.T. cannot reset—it will saturate. The same 
problem occurs in a buck regulator circuit, 
where the C.T. can’t directly sense average 
output (inductor) current. 

The answer to this problem is to use two 
C.T.s—one sensing switch current, the other 
sensing diode current. By summing their out- 
puts as shown in Fig. 16, the true inductor 
current is reconstituted. Each C.T. has plenty 
of time to reset. 


Li pl 





Fig. 16 


Using Current Sense Transformers: 
It is not difficult to achieve excellent results 
using low cost commercially available pulse 
transformers. A current sense “inductor” such 
as Pulse Engineering 51688 is a toroidal core 
wound with 200 secondary turns for a second- 
ary inductance of 80 mH. A 0.18" hole is 
provided to slip the primary wire through. 

The pulse voltage across the windings of a 
current transformer generates a magnetizing 
current which starts at zero and increases fairly 
linearly with time. The magnetizing current 
subtracts from the pulse current delivered to 
the secondary. Initially, the current through Ry 
is precisely Ipp,/N, but as time passes, the 
secondary current drops off more rapidly than 
it should. This effect is called “droop”. It is 
usually not a problem if certain precautions are 
observed. The amount of current droop 
through the current sense resistor can be 
calculated: 
Ns FS ay 
Np Ls 


A I pri(drocp) = (17) 
where N is the turns ratio, V; the voltage 
across the secondary, L, the secondary induc- 


tance and At is the max. pulse width. As the 
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equation shows, droop is minimized by maxi- 
mizing secondary inductance—use the largest 
you can get. Don’t use a large R, value to 
obtain a large secondary voltage—its not neces- 
sary and makes reset more difficult. Make the 
turns ratio as low as possible by using two or 
three primary turns if space allows. Don’t 
reduce the turns ratio by reducing the second- 
ary turns—this is counter-productive because 
the inductance goes down with the turns 
squared. 

For example, consider the flyback input 
current preregulator of Fig. 11, using a current 
transformer in series with switch instead of the 
0.025Q sense resistor shown. Using the Pulse 
Engineering #51688 current sense inductor 
with one turn primary, the turns ratio is 1:200. 
Secondary inductance is 80 mH. The 24A max. 
overload pulse current becomes a 0.12A cur- 
rent pulse on the secondary side. A 109 sense 
resistor will have a max. voltage of 1.3V sent to 
the CA, and the max. secondary voltage includ- 
ing diode forward drop is 2.0V. The maximum 
pulse width is 7.02usec. 

Applying these values to Eq. 17: 


_ 200 2.0 Pan 
ATpeiéee) = Goes 1S = 0354 


Only 35mA droop out of 24A isn’t bad! 


When two C.T.s are used—one on either side 
of isolation boundary-their turns ratios must be 
proportioned the same as the power transform- 
er pri/sec turns ratio so that currents through 
Rg will be equalized. 

All of the equations containing Rs given 
earlier in this paper assume the sense resistor 
is measuring current directly. When using a 
current sense transformer, reflect the actual R, 
on the C.T. secondary side into the primary by 
substituting RyN>p/Ns. 
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Abstract - This paper describes a zero voltage 
switched (ZVS) resonant converter for driving cold 
cathode fluorescent lamps. Primarily intended for 
liquid crystal display (LCD) back-lighting, the circuit 
features minimal component count and size. A 
specially designed integrated circuit provides all 
control functions for a current fed push-pull ZVS 
converter, and also contains an auxiliary pulse width 
modulated (PWM) controller to develop a 
programmable supply voltage for the LCD. Analysis 
and simulation of the converter, and a complete 
circuit schematic are presented. The analysis and 
simulation results are validated by experimental 
circuit waveforms and _ critical performance 
parameters. 


Introduction 


The proliferation of laptop and notebook 
computers places an ever increasing demand on 
display technology. High resolution and contrast 
are required to run today’s graphics based 
programs, increasing the conflict between 
display performance, size and efficiency. The 
LCD with cold cathode fluorescent back lighting 
best satisfies this design requirement, however 


the lamp and its high voltage AC supply still 


remain the major contributor to battery drain. 

The cold cathode fluorescent lamp (CCFL) 
requires 1-2 kV to fire. Sine wave drive is 
preferred to minimize RF interference and 
maximize lamp efficiency over time. Converter 
efficiency and size are extremely critical. These 
formidable requirements demand a _ highly 
efficient conversion topology and maximum 
circuit integration. 

A zero voltage switched resonant topology 
will maximize efficiency by eliminating losses 
associated with charging parasitic capacitances to 
high voltages. This topology can be controlled 
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using discrete circuitry. The most common 
implementation is a Royer oscillator modified to 
provide ZVS operation. While this at first 
appears to be a good solution, and is commonly 
used today, it suffers from several limitations. 

High voltage DC to AC conversion is only 
part of the display supply. The average output 
current must be programmable for lamp 
intensity control, and the LCD requires a 
programmable low voltage supply for contrast 
adjustment. This additional circuitry, 
implemented discretely or with multiple ICs 
results in a large number of components, 
significantly impacting size and _ reliability. 
Synchronization is also preferred to eliminate 
beat frequency effects such as lamp intensity 
modulation, further complicating the design. 
Minimizing circuit complexity and bulk are best 
achieved through integration. 


Cold Cathode Lamp Characteristics 


The CCFL presents a highly nonlinear load 
to the converter as illustrated in fig. 1. Initially 
when the lamp is cold (inoperative for some 
finite time), the voltage to fire the lamp is 
typically more than three times higher than the 
sustaining voltage. The lamp characterized in 
fig. 1 fires at 1600V and exhibits an average 
sustaining voltage (V,,) of 300V. Notice that the 
lamp initially exhibits a positive resistance and 
then transitions to a negative resistance above 
1mA. These characteristics dictate a high output 
impedance (current source) drive to suppress the 
negative load resistance’s effect and limit current 
during initial lamp firing. Since the ZVS 
converter has a low output impedance, an 
additional “lossless” series impedance such as a 
coupling capacitor must be added. 
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Fig. 1 Cold Cathode Lamp Current as a function of Voltage 
Vertical: 2mA/div. Horizontal: 200V/div. 


To facilitate analysis, the equivalent CCFL 
circuit shown in figure 2 is used. Vp, is the 
average lamp sustaining voltage over the 
operating range. The lamp impedance (R,,) is a 
complex function but can be considered a fixed 
negative resistance at the sustaining voltage. 
Stray lamp and interconnect capacitance are 
lumped together as C,,. 


Vfl 
Cfl 


Rfl 


Fig. 2 CCFL equivalent circuit 


ZVS Resonant Converter Topology 


The current fed push-pull converter shown 
in fig. 3 is driven at it’s resonant frequency to 
provide ZVS operation. The push-pull output 
MOSFETS (Q1 & Q2) are alternately driven at 
50% duty cycle. Commutation occurs as V1 and 
V2 resonate through zero thereby insuring zero 
voltage switching. This virtually eliminates 
switching losses associated with charging 
MOSFET output and stray capacitance, and 
reduces gate drive losses by minimizing gate 
charge. | : 
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Fig. 3 Current Fed Push-Pull ZVS Resonant Converter 


Current is supplied to the push-pull stage by 
a buck regulator (Q3). The control circuitry 
forces the average voltage across the current 
sense resistor (R8+R5) and rectifier (D2) to equal 
a reference voltage. Adjusted R8 varies the 
current and the lamp’s brightness. The non- 
linearity introduced by D2 is insignificant since 


R8 is adjusted for a particular brightness with no 


concern of the actual current level. 


Winding inductance, Lp, and C,, the 


combined effective capacitance of C7 and the 


reflected secondary capacitances make up the 
resonant tank. The secondary side of the 
transformer exhibits a symmetrical sine wave 
voltage varying from about 300V to 1500V peak. 
Capacitor C6 provides ballasting and insures that 
the converter is only subjected to positive 
impedance loads. | 


Waveform Analysis 


Simulated converter voltage and current 
waveforms are shown in fig. 4. At time ty, the 
primary current (I1 & I2) has reached it’s peak 
value. The push-pull drain voltages (V1. & V2) 
have resonated to zero. The primary voltage (V3) 
has also resonated to zero, and through the 
control circuitry commutated Q1 off and Q2 on. 
The energy stored in Lg is also at it’s peak. This 
energy is transferred from Lx to the effective 
resonant capacitance (C,) during time ty to t, 
causing C,’s voltage to sinusoidally increase. 
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Fig. 4 Converter Voltage and Current Waveforms 


At time t,, all of the inductive energy in Lp 
has transferred to Cz, resulting in zero current 
through Lg and maximum voltage across C,. 
From time t, to t,, the energy transfers from C, 
back to Ly, decreasing C,’s voltage while L,’s 
current increases. 

The resonant current through Le at time t, is 
equal and opposite to it’s value at t). The 
reflected load current flows during the MOSFET 
on time, and is observed as a slight current 
amplitude asymmetry. The voltages at V1, V2, 
and V3 have resonated back to zero, causing the 
control circuitry to commutate Q2 off and Q1 on. 
The cycle continues symmetrically during the t, 
through t, interval, producing fully sinusoidal 
voltage and current waveforms. 


Simplified Converter Model 


The converter model shown in fig. 5, which 
is valid for one half cycle simplifies analysis by 
reflecting all impedances to the primary and 
eliminating the transformer. The differential 
voltage developed across the push-pull stage 
primary (V1-V2) exhibits twice the voltage 
excursion as the center-tap (V3). This reflects C7 
to V3 through the turns ratio squared, resulting 
in 4(C7) at V3. The secondary winding 
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Fig. 5 Simplified converter model 


capacitance is also reflected by the square of the 
turns ratio (n). Reflected winding capacitance is 
usually significant due to the high turns ratios 
typically employed. The buck stage operates in 
continuous current mode and is synchronized to 
the push-pull stage. 

Lamp current is proportional to lamp 
intensity, and is used as the feedback variable. 
Buck current (Ig) is the response variable, which 
in turn regulates the average push-pull primary 
voltage. The coupling capacitor’s high impedance 
transforms the secondary voltage to lamp 
current. 


Control Equations 
Variable Summary: 


Ce = Effective resonant tank capacitance 
Cw = Secondary interwinding capacitance 
F, = Average lamp voltage 

I, = Average Buck output current 

Lg = Primary Winding Inductance 

n = Transformer turns ratio 

Ze. = Secondary impedance 


Fig. 6 shows the buck output stage and 
forced output voltage waveform. The output 
voltage is.a rectified sine wave, corresponding to 
the synchronous, resonant push-pull stage input 
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voltage. The inductor output configuration 
exhibits high impedance at the resonant 
frequency and averages the output voltage 
throughout the cycle. The buck output voltage as 
a function of time is: 


Vet) = Vp sin(wt) 


Where the angular frequency is: 


| 2% T 
GG = 2nf a a 
Q3 L1 
Vin a Vo 
{ 
{ 
' D1 
I 
Buck Drive 
eee -. Vp 
Ti , 


Fig. 6 Buck converter stage 


The volts-second product across the inductor 
must be zero during steady state. Setting the on 
and off volt-second products equal and 
integrating gives the buck’s transfer function: 


Vino) = —Vizltog 


[i Vigdtt = -[ "Vine 
(1) 


This transfer function is identical to the familiar 
DC output buck transfer function, with the 2/2 
term accounting for peak versus average output 
voltage. As with the DC buck, primary voltage 
varies linearly with duty-cycle. 
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The peak primary voltage is also related to 
peak lamp current by: 


rz (peat) Zeoc) + Vez | 
n 


Vp = (2) 


Setting (1) and (2) equal and solving for Ip, avg) 
expresses lamp current as a function of duty- 
cycle: 7 : 


2V. 
DV, n-——FE 


Trrcavg) = sai cae 


(3) 


As expected from fig. 5, the lamp sustaining 
voltage, V;, introduces a nonlinearity. 

Buck output current is related to lamp 
current be equating input and output powers. 
The input power is: : 


x 
1 n/2 2 
= I V,sin(t) dt 
t/2 0 pa 
21, V~ 
P, aoe 


The power to the load is: 


Pia = Ver (py, (avg) 


out 


For analytical purpose, 100% power transfer is 


assumed: : 
Pig = Paps 
21, Vp 
Ver Trryavg = = 
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Fig. 7 UC3871 Application circuit 
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nf FL(avg) Viv 


2V, 


i,.= a) 


Substituting (2) for Vp in (4) gives the buck 
output current as a function of lamp current: 


ne nVer 
B Ver (5) 
Lec + ———— 
Tt leravg | 


The resonant frequency is approximately: 


ee ares 6) 


fa” TIL 


The nonlinearity introduced by Vr, causes 
the resonant frequency to vary with load. At 
very low lamp intensity. the secondary voltage 
barely crests above V,,. The effective resonant 
capacitance, Cz, is primarily the sum of C7 and 
Cw reflected to the primary. As the secondary 
voltage increase above Vr, the reflected C6 value 
adds to the resonant capacitance, decreasing the 
frequency. The frequency range is approximated 
by assuming C6 has negligible effect at 
minimum lamp intensity, and fully adds to C, at 
maximum intensity. 

The peak resonant inductor current is the 
sum of the reflected load current from (5) and 
the resonant current: 


Vp 


1 pcpeatd = ; (7) 





+1, | 


The tank impedance is determined by setting the 
resonant energy storage terms. equal: 


1 i 
shal? = 5 CY 


Solving for Vz/Ip gives the tank impedance: 


. iz 
Lg = C. 
R 


(8) 
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Although relatively large currents are circulated 
through the resonant tank, the switches operate 
at low current levels. This is a direct result of the 
continuous resonant topology; the switches only 
must handle the energy that is removed by the 
load and lost in parasitics. The peak switch 
current is: 


= |, (9) 


The UC3871 
A Completely integrated Solution 


Fig. 7 shows a complete application circuit 
using the UC3871 Synchronous Resonant 
Fluorescent lamp and LCD driver. The IC 
provides all drive, control and housekeeping 
functions to implement CCFL and LCD 
converters. The buck output voltage (transformer 
center-tap) provides the zero crossing and 
synchronization signal. The LCD supply 
modulator is also synchronized to the resonant 
tank. 

The buck modulator drives a P-channel 
MOSFET directly, and operates over a 0-100% 
duty-cycle range. The modulation range includes 
100%, allowing operation with minimal 
headroom. The LCD supply modulator also 
directly drives a P-channel MOSFET, but it’s 
duty-cycle is limited to 95% to prevent flyback 
supply foldback. 





Fig. 8 UC3871 Oscillator Block Diagram 


The Oscillator and synchronization circuitry 
are shown in fig. 8. The oscillator is designed to 
synchronize over a 3:1 frequency range. In an 
actual application however, the frequency range 
is only about 1.5:1. A zero detect comparator 
senses the primary center-tap voltage, generating 
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a synchronization pulse when the resonant 
waveform falls to zero. The actual threshold is 
0.5 volts, providing a small amount of 
anticipation to offset propagation delay. 

The synchronization pulse width is the time 
that the 4mA current sink takes to discharge the 
timing capacitor to 0.1 volts. This pulse width 
sets the LCD supply modulator minimum off 
time, and also limits the minimum linear control 
range of the buck modulator. The 200A current 
source charges the capacitor to a maximum of 
3 volts. A comparator blanks the zero detect 
signal until the capacitor voltage exceeds 1 volt, 
preventing multiple synchronization pulse 
generation and setting the maximum frequency. 
If the capacitor voltage reaches 3 volts (a zero 
detection has not occurred) an internal clock 
pulse is generated to limit the minimum 
frequency. 

A unique protection feature incorporated in 
the UC3871 is the Open Lamp Detect circuit. An 
open lamp interrupts the current feedback loop 
and causes very high secondary voltage. 
Operation in this mode will usually breakdown 
the transformer’s insulation, causing permanent 
damage to the converter. The open lamp detect 
circuit, shown in fig. 9 senses the lamp current 
feedback signal at the error amplifiers input, and 
shuts down the outputs if insufficient signal is 
present. Soft-start circuitry limits initial turn-on 
currents and blanks the open lamp detect signal. 





Fig. 9 Open Lamp Detect Circuit 


Other features are included to minimize 
external circuitry requirements. A logic level 
enable pin shuts down the IC, allowing direct 
connection to the battery. During shut-down, the 
IC typically draws less than 100nA. The UC3871, 
operating from 4.5V to 20V, is compatible with 
almost all battery voltages used in portable 
computers. Under-voltage lockout circuitry 
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disables operation until sufficient supply voltage 
is available, and a 1% voltage reference insures 
accurate operation. Both inputs to the LCD 
supply error amplifier are uncommitted, 
allowing positive or negative supply loop closure 
without additional circuitry. The LCD supply 
modulator also incorporates cycle-by-cycle 
current limiting for added protection. 


Application Circuit Example 


The application circuit shown in fig.7 
resonates at approximately 50khz. This frequency 
allow a reasonable compromise between size and 
efficiency. This relatively low frequency by 
today’s standards results from high voltage 
insulation and spacing requirements, and 
practical limitations in reducing stray and 
interwinding capacitance. The half wave current 
sense signal is sensed by Error Amp 1 and 
averaged by integral compensation. The range 
of current control is 500pA to 10mA. 

A flyback converter generates the LCD 
supply, outputting -12V to -24V to bias 
monochrome LCDs. Color displays normally 
require a positive bias voltage. Since this voltage 
typically must also be stepped up, a coupled 
inductor flyback is normally used. 

Actual circuit waveforms agree with the 
spice simulated waveforms in fig. 4. Distortion 
caused by lamp nonlinearity is clearly visible at 
the operating extremes. At more nominal levels, 
the waveforms are more ideal, with only a small 
amount of observable distortion. 

All of the following waveforms were taken 
at minimum and maximum lamp intensity to 
indicate worst case conditions. Nominal 
measured efficiency was 80%. Further 
improvement is possible with lower resistance 
magnetics and lower on resistance MOSFETs. 
Fig. 10 shows secondary output voltage, fig 11 
shows lamp voltage, and fig. 12 shows lamp 
current. Notice that the lamp voltage is fairly 
constant .with widely varying current. A 
frequency shift from about 48kHz to 57kHz is 
also observed over the lamp intensity range. The 
lamp current exhibits additional harmonics 
induced by it’s nonlinearity. Push-pull MOSFET 
drain to source voltage is shown in fig. 13, and 
drain current is shown in fig. 14. The 
transformer center-tap voltage (buck output) is 
shown in fig. 15. All waveforms are sinusoidal, 
exhibiting minimal harmonic content. 
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Fig. 10 Secondary output voltage 
Vertical: 500V/div. Horizontal: 5ys/div. 





Fig. 11 lamp voltage 
Vertical: 200V/div. Horizontal: 5ys/div. 





Fig. 12 Lamp current 
Vertical: 10mA/div. Horizontal: 5ys/div. 
500pA /div. 


Summary 


The current fed push-pull ZVS 
converter efficiently develops high 
voltage, sinusoidal power for driving 
cold cathode fluorescent lamps. Design 
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Fig. 13 Push-Pull MOSFET drain to source voltage 
Vertical: 10V/div. Horizontal: 5ys/div. 





Fig. 14 Push-pull MOSFET drain current 
Vertical: 200mA/div. Horizontal: 5ys/div. 


i 
K 


Fig. 15 Buck output voltage 
Vertical: 200mA/div. Horizontal: 5ys/div. 


equations have been derived, and 
verified experimentally, simplifying 
application circuit. design and 
analysis. The UC3871 provides a complete 
solution for high performance back-light and 
LCD power supplies. - 
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APPLICATION NOTE 
VOLTAGE-MODE CONTROL REVISITED - 
A NEW HIGH-FREQUENCY CONTROLLER FEATURES 
EFFICIENT OFF-LINE PERFORMANCE 


by 


Robert A. Mammano, V.P. Adv. Tech. 
Unitrode Integrated Circuits Corp. 
Merrimack, NH 


BSTRA 


With modern day emphasis on advanced power supply topologies, the advantages of voltage- 
mode control have been neglected. A new control IC optimizing this topology for high- 
frequency, off-line applications brings voltage-mode control into the modern era and combines 
the efficiencies and high frequency performance of a BiCMOS design with a noise resistant, 
low-cost circuit solution. 


INTRODUCTION 


With all the interest in advanced power control topologies such as peak and average current- 
mode, resonant and quasi-resonant approaches, soft switching and phase shift control, it is easy 
to lose sight of the fact that "old-fashioned" voltage-mode still has a lot to offer. Specifically, in 
applications where control is needed over wide variations in line and load, the use of voltage- 
mode control will maintain stable, noise-free performance over a wider range of operating 
conditions than any other circuit topology. When more recent circuit enhancements such as 
voltage feed-forward, programmable duty-cycle clamping, fast current limiting, and low-power 
BiCMOS processing are included, a very effective and yet easy-to-use power control component 
is the result. 


LIMITATIONS OF CURRENT-MODE TROL 


With the introduction of current-mode control back in 1983, several important performance 
enhancements were featured, including: 


* Instant response to line variations 
* Inherent pulse-by-pulse current limiting 


* Faster loop response 
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While these characteristics were quite significant compared to the technology of the day in 1983, 
more recent developments have shown that current-mode control is not the only way of 
achieving them. Specifically, voltage feed-forward can be added to voltage-mode circuits to 
accomplish the same instant response to line voltage, and the fast current feedback loop 
necessary for effective current limiting of current-mode circuits is equally applicable to voltage 
mode. While current-mode does minimize the effect of the output filter inductance - a 
characteristic which can be used to improve overall gain bandwidth - increasing the switching 
frequency can push the output filter resonant frequency to the point where excellent response can 
still be achieved, even with a two-pole output filter. 3 


Before discussing the positive aspects of voltage-mode control, it is worth spending a little more 
time on current-mode. Although the past 10 years have seen many highly successful designs 
which have utilized peak current-mode topologies, few would argue with the contention that the 
design process is more complex. For example, some of the design considerations which are 
unique to peak current- mode control are: 


* Dealing with the leading-edge current spike usually 
present on the current ramp waveform. 


* Dealing with additional noise or ringing on the current 
waveform when the power switch turns off. 


* 


Adding the appropriate amount of slope compensation for 
stable operation. 


* Analyzing circuit performance with two feedback loops. 
* Providing good regulation with multiple outputs. 


* Obtaining an adequate amplitude ramp waveform for stable 
pulse-width modulation at light load and minimum input voltage. 


Although solutions can and have been found for all the above issues, they do not come without a 
good deal of difficulty, and since none of them apply to voltage-mode control, there is a growing 
incentive to readdress this topology. 


LTAGE-MODE REVI D 


The typical voltage-mode circuit will use a fixed-frequency, constant-amplitude ramp waveform 
to compare against the output from an error amplifier. As the error amp's output moves up and 
down the ramp, a corresponding change is made to the power switch's on- time. With a large- 
amplitude ramp waveform which is disassociated from the supply's power stages, noise-free 
pulse-width modulation is much more readily achievable. The traditional problem with this 
form of control is that a change in the input voltage must go through the output filter, be sensed 
as an error at the output, and be fed back to change the modulation and provide a correction. 
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Current-mode control bypasses this process as a change of input voltage is directly impressed 
across the output inductor, which immediately changes the slope of inductor current, and since 
this is the ramp which controls the PWM, response within one switching period is achieved. 


The same result can be achieved with voltage-mode control, however, by making the slope of 
the oscillator-derived ramp proportional to input voltage. This is voltage feed-forward which 
means input variations are fed directly to the modulator, bypassing the output filter and the error 
amplifier. In addition to providing instant response, the input voltage term is canceled from the 
forward transfer function, resulting in constant gain and a simpler feedback compensation 
problem. Since the voltage ramp waveform is typically derived from the timing oscillator, the 
trick is to provide this variable slope while maintaining a constant switching frequency. Another 
feature which is highly desirable, and often implemented in this same section of the control 
circuitry is the ability to limit the maximum switch duty-cycle to insure non- saturation of the 
magnetic components of the power supply. The combination of all these features was a major 
goal in the development of a new voltage-mode control integrated circuit - the UCC3570. 


INTRODUCING THE UCC3570 


The objective in the design of the UCC3570 was to develop an easy- to-use controller, optimized 
for low-power off-line applications, free of the noise and stability issues of current-mode 
control, but allowing equal or better power supply performance to be achieved. An important 
technique in achieving this objective was the utilization of a BICMOS manufacturing process 
which offered high speed circuitry with low internal current consumption and small overall die 
size. This last characteristic has allowed the full- featured UCC3570 to be offered in the 14-pin 
small outline, surface mount package. | 


The overall block diagram of the UCC3570 is shown in Figure 1. Remembering again that this 
device is optimized for low-power, off- line applications, it can be seen from Figure 1 that the 
basic architecture includes the following features in addition to voltage feed-forward: 


* A fixed-frequency pulse-width modulator 

* Provisions for low-current off-line startup 

* A single high-current totem pole output driver 

* Unique voltage and current fault protection 
Other performance features which have been included in this design include programmable 
deadband control, soft-start turn on, highspeed current limiting, latched shutdown capability, a 
synchronizable oscillator, and the availability of a five-volt bias source. A voltage error 
amplifier is not included as off-line power supplies almost always require isolation and the 
optimum location for the error amplifier is on the secondary side of the isolation boundary. 


Here the feedback gain can be incorporated with voltage sensing and the system reference in an 
IC such as the UC39431 which combines these functions with an optimum drive circuit for an 
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optocoupler. Figure 2 illustrates the use of this device with the opto as an ideal means of 
providing an isolated feedback signal to the primary side UCC3570. 


The following discussion will provide a better understanding of the unique features of the 
UCC3570. 


RAMP GENERATI IR TR 


The ramp generation portion of the UCC3570, which is shown in Figure 3, actually performs 
several circuit functions, The ramp waveform is formed on an external capacitor which is 
charged with a current source proportional to the input line voltage and discharged with a user-_ 
setable constant current sink. The circuit is clocked from a constant-frequency, separate 
oscillator which, in turn, can be either free running or externally synchronized. Switching 
between the charging and discharging currents is accomplished by a flip-flop which is set with 
the constant- frequency clock signal, and reset when the ramp reaches four volts. To accomplish 
a constant ramp amplitude, the bottom of the ramp is held at one volt while awaiting the clock 
command to start the next charge cycle. The logic is defined such that an output drive pulse can 
only occur during the rising portion of the ramp waveform and is held off for both the fall time 
and any wait time prior to the start of the next switching period. 


This operation can be visualized with the aid of Figure 4 which shows the three regions in the 
ramp waveform: the variable rise time, the programmed constant fall time, and the wait time | 
which is the remainder of the constant overall switching period. Figure 5 shows the effect of 
changing operating conditions on the ramp waveform. With the assumption of a constant 
feedback voltage, a high line voltage yields a fast rise time and a narrow output pulse, while a 
low line voltage reduces the rise time to produce a wider output pulse. The relationship is linear 
so that the result is a constant volt-second product to the power transformer, regardless of input 
voltage. If the fall time is set to provide a minimum output deadtime at the minimum input | 
voltage - as in Figure 5B - a higher voltage will increase the minimum deadtime - as in Figure 
5A. If the input voltage should fall below the expected minimum such that the ramp has not 
reached 1V by the end of the period, then the ramp will miss the clock signal and remain reset 
with the output off for the entire next period - as shown in Figure 5C. 


Note that the ramp discharge current is determined by external current-setting resistor R4. In 
addition to the output deadtime, this resistor also programs the currents for the timing oscillator, 
the soft-start, and fault shutdown circuits. 


One last function contained within the ramp circuitry is that the Vfwd terminal which monitors 
the input line voltage to control the ramp up-slope has boundary limits established by a pair of 
shutdown comparators which define a 4:1 operating range. Should the voltage at this pin rise 
above 4V, or fall below 1V, the PWM output will be forced off. More about this feature in the 
Fault Protection section. 
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START-UP FEATURES 


The features in the UCC3570 associated with startup and shutdown are shown in Figure 6. Note 
that there are two terminals which are connected (through an impedance) to the high voltage DC 
bus, Vin, and both contain voltage monitoring functions. WVfwd measures the bus voltage 
directly through divider R1/R2 and, with no capacitance, this pin will respond instantly to line 
voltage changes. The Vcc pin, on the other hand, responds to line voltage changes with a delay 
caused by the C1/R5 time constant. Since the voltage at both pins must be above minimum for 
operation, the usual process is that turn on is initiated by the voltage at Vcc while turn off is 
triggered by a falling voltage at Vfwd. The turn on sequence should proceed as follows: 


1. Vfwd rises above 1.0V. Icc will be less than 100uA. 

2. Vcc rises above 13V and activates the internal reference. At this point, Icc will 
increase to approximately 1mA plus any loads on the reference. 

3. When Vref rises above 4.5V, the Soft-start clamp is released and as the voltage on Cs 
rises, the output will start switching with increasing pulse-widths. With the onset of 
switching, Icc will rise to a value determined by the power switch gate charge 
requirements and the switching frequency. 


As Icc increases, Vcc will probably fall but with 5V of hysteresis, significant energy may be 
drawn from C1 before turn off is initiated by the UVLO comparator. If this should occur, the 
circuit is reset, reducing Icc back to 80uA, and thus allow another attempt to start. 


FAULT PROTECTION 


The circuitry within the UCC3570 associated with fault protection is shown in Figure 7. The 
potential faults which have been considered and provided for include the following: 


* Over and under voltage on the input line. 
* Excessive load current of a temporary nature. 
* A continuous overload or shorted output. 


In addition, there are several ports where a shutdown command may be inserted, either directly 
or through an optical coupler from load-related faults. 


Note from Figure 7 that there are four inputs to the PWM-stop OR gate, any one of which will 
immediately terminate output pulses and hold them off for as long as that signal is high. Three 
of these come from the line over- and under-voltage comparators and the current limit 
comparator and provide for pulse-by-pulse shutdown. The fourth comes from a shutdown latch 
which provides for a permanent shutdown until reset by a low signal from either Vfwd or Vcc. 
These two pins allow several operating options. By appropriately selecting the source 
impedance to Vcc, the circuit can be made to permanently latch off or automatically restart 
depending on whether the load with no bootstrap energy will pull the voltage on Vcc below its 
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low threshold. If Vcc falls below 9V, the shutdown latch will reset and the circuit will restart. 
If it does not, reset must come from Vin, either by temporally removing ump power or by 
momentarily pulling Vfwd low. 


Setting the shutdown latch also can come from two sources. If the current limit pin sees a level 
of 0.6V (as distinguished from the pulse-by-pulse threshold of 0.2V) the latch will be set. In 
addition, every time the 0.2V level is exceeded, an increment of current will be delivered to the 
Count pin. This current will be integrated by means of the external capacitor, Cf, and when the 
voltage exceeds 4V, the shutdown latch will also be set providing for a delayed shutdown with 
user selectable time constants. Note that any time the shutdown latch is set, the soft-start 
capacitor is discharged providing for a controlled restart. 


A 50-WATT FLYBACK EXAMPLE 


Figure 8 is the schematic for a 12V, 4A supply capable of operating from an 85 Vrms to 265 
Vrms power line. This circuit incorporates all the protective features described and is most 
noteworthy by the minimum number of active devices needed. With a switching frequency of 
100 kHz, the efficiency is close to 90% over the full line voltage range, allowing the circuit to be 
packaged in a very small module with minimal heat sinking requirements. A contributor to the 
high efficiency is allowing the duty-cycle to extend to 60% with the assurance of an absolute 
clamp at that level. Automatic restart after a shutdown is provided with a time constant of 
approximately 25 msec defined by the value of the soft-start capacitor, and the delayed 
shutdown is set to accept 5000 over- current pulses before activation. (approximately 60 msec) 


The transformer consists of a total of 79 turns on a EI375 core with a 36 mil gap. The 1.2 cu in 
size of this design was greatly aided by the fact that a minimum of 4 usec of reset time is 
assured, allowing maximum utilization of the core. With a 12V output, the rectifiers allow as 
little as 5% reset voltage under short circuit conditions which would normally let the transformer 
ratchet up to saturation, a problem which the shutdown latch effectively alleviates. 


MMARY 


While the modern power supply designer today has innumerable choices available from which to 
select the configuration and the components to satisfy his requirements, the combination of 
efficient operation, simple control algorthym, high level of protection, ease of programmability, 
and low cost all point to the UCC3570 as the controller of choice for for a broad range of off- 
line power requirements. 


Acknowledgement: This Application Note was originally presented in a paper at the 1993 High 
Frequency Power Conference sponsored by INTERTEC Communications and was published 
in the Conference Proceedings. 
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A SIMPLE ISOLATION AMPLIFIER USING THE UC1901 


The UC1901 Isolated Feedback Generator has other ap- 
plications besides providing isolated feedback in switch- 
ing power supplies. This IC’s amplitude modulation 
system and error amplifier can be used to implement a 
very low cost, high bandwidth, isolation amplifier. Isola- 
tion amplifiers of this type find use in switching power 
supplies, motor controls, instrumentation, industrial con- 
trols and medical systems. 


The UC1901 generates a programmable high frequency 
carrier signal (up to 5MHz) with an amplitude that is con- 
trolled by a high gain error amplifier. In a typical feed- 
back application, this amplifier and modulator are used, 
in conjunction with the UC1901’s 1.5V reference and a 
small signal coupling transformer, to provide precision 
regulation for an isolated switching power supply. Ca- 
pacitively coupled feedback around the UC1901 error 
amplifier determines the device’s small signal AC re- 
sponse, but the DC operating point is determined by the 
requirements of the overall power supply loop. By add- 
ing an additional winding on the coupling transformer 
and a demodulator circuit for this winding, local DC feed- 
back can be provided to the UC1901’s error amplifier. In 
this mode very accurate DC, as well as small signal, AC, 
transfer functions can be established across the isola- 
tion boundary. 





The configuration of an isolation amplifier using the 
UC1901 is shown in the figure below. The drivers on the 
UC1901 couple an amplitude modulated carrier to two 
matched windings (W2 and W3 ) on a small signal trans- 
former. The demodulated signal from winding W2 is 
used to provide feedback to the UC1901’s error amplifier 
while the demodulated signal from WS is the isolated 
output signal. The use of the feedback winding linearizes 
the transfer function of the overall amplifier and allows 
DC signals to be accurately transferred. Matching of the 
two demodulator windings and demodulator circuits is 
important to maximize linearity and minimize DC offsets. 
An optional output buffer and filter will reduce residual 
carrier ripple and isolate the output demodulator from its 
load. The internal gain compensation on the UC1901 is 
sufficient for stable operation with overall gains down to 
12dB. This circuit requires a supply voltage to the 
UC1901 that, if not available in the system already, can 
be generated using a second similar circuit operating in 
the reverse direction. 


The primary features of this circuit are: 

1. Good Signal Linearity 

2. Wide Bandwidth (8dB Bandwidths > 500kHz) 
3. High Isolation Capability 

4. Low Cost 


ISOLATION 


BOUNDARY 


A Low Cost, High Bandwidth, isolation Amplifier: An additional feedback winding linearizes the transfer func- 


tion of the amplifier by matching the coupling characteristics to the isolated output. 
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UC3842A 
LOW COST START-UP AND FAULT PROTECTION 
CIRCUIT 


This circuit optimizes control circuit performance to 
include: 


¢ Low Start-up Current, Less Than 0.5 ma 


¢ MOSFET Compatible Undervolitage Lockout 
Thresholds 16V Turn-on, 10V Turn-off 


¢ Programmable Restart Delay HICCUP Fault 
Protection 


¢ Auxiliary 5V Precision Reference 


¢ Overvoitage/Overtemperature Protection 
CIRCUIT DESCRIPTION AND OPERATION: 


The UC3842A Controller is featured in this design NOT 
as the power supply control IC, but in a supervisory func- 
tion to assist the principal PWM. It will be utilized to fa- 
cilitate a low current start-up of less than 0.5 milliamp 
from the high voltage bulk supply. Additionally, the 
UC3842A features 16 volt turn-on and 10 volt turn-off 
thresholds, ideally suited for power mosfet gate drive cir- 
cuits. The 1 amp output of the UC3842A is used to 
switch the auxiliary supply voltage to the principal PWM 
controller, a UC3825 or UC3846 for example. 


The oscillator of the UC3842A is configured to generate 
a constant off time, corresponding to the desired restart 
delay interval. At the beginning of its operation, the UV 


initiates a clock cycle and the PWM output at pin 6 goes 
high. This is fed to transistor Q1 which pulls the Ri/C; in- 
put at pin 4 low, thus "freezing" the oscillator, while keep- 
ing the PWM output high. Once a valid fault (greater 
than 1 volt) is received at the current sense input (pin 3), 
the output at pin 6 will go low. Transistor Q; is then 
turned off, and the oscillator generates an off period, or 
delay as programmed by the R/C; components. This 
procedure will repeat as often as dictated by the fault 
conditions, but significantly reduces the average short 
circuit currents and power dissipation. 


The UC3842A's current sense node is used as the fault 
input, and can be configured to provide numerous safe- 
guards. Primary overvoltage protection is accomplished 
by using a simple resistor divider network or series 
string of zener diodes to the high voltage rail. Overtem- 
perature protection is possible by including the UC3730 
Precision Thermal Monitor IC, or a variable impedance 
thermistor. In a simple configuration, the fault circuit is 
designed to deliver a 1 volt input to pin 3 of the 
UC3842A when a fault response is necessary. The error 
amplifier can also be biased to accept lower amplitudes 
of valid fault inputs at the current sense input. A preci- 
sion five volt auxiliary supply is made available at the 
IC’s reference output, pin 8 and can supply 20 milliamps 
maximum. 


UC3842A Supervisory Function Circuits 


LOW COST START-UP and FAULT PROTECTION CIRCUIT 


R start 


+HVOC 
Lf. 7 


BOOTSTRAP 


Ql 
IROFO12 
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COMBINED LATCH/RESET/HICCUP FUNCTIONS 
General Circuit 


OVER-TEMPERATURE PROTECTION 
using 50 to 100Q thermocouples 
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UC1842/UC1842A FAMILY 
SUMMARY OF FUNCTIONAL DIFFERENCES 


The industry standard series of UC1842/43/44/45 de- 
vices has been improved for higher frequency, off-line 
power supplies. This new "A" series of controllers, 


Start Up Current 






Typical (Tu = 25°C) 


Oscillator Discharge Current 







At Ty = 25°C (mA 7 





Output Saturation 


Po tt 842/885 UC1842A/45A 
Maximum (Ty=25°C)| ss t.0ma_— | Sma 


ct 42yas UC1842A/45A 
| MIN, TYP__MAX| MIN TYP__MAX 


10 13 


Overtemp. Range 


UC1842A/43A/44A/45A, feature three major advantages | 
over their predecessors as shown in the summary be- 
low. | 









7.8 8.3 8.8 
7.5 — 8.8 


po 1842/45 UC1842/45A 
During UVLO 1V @0.2ma 1V @ 10ma 


The reduced start-up current is of particular concern in 
offline supplies where the IC is "powered-up" from the 
high voltage DC rail, then bootstrapped to an auxiliary 
winding on the main transformer. Power is then dissi- 
pated in the start-up resistor which is sized by the IC's 
Start-up current. Lowering this by 50% in the "A" version 
family will reduce the resistors power loss by the same 
percentage. 


Precision operation at high frequencies with an accurate 
maximum duty cycle can now be obtained with the "A" 
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family of devices due to its trimmed oscillator discharge 
current. This nullifies the effects of production variations 
in the initial discharge current or deadtime. 


Another significant improvement has been made in the 
output section, specifically to the lower totem-pole tran- 
sistor’s operation during undervoltage lockout. The "A" 
series of devices prevent the power MOSFETs from 
parasitically turning-on at powerup due to the "Miller" ef- 
fect. This new technique allows the IC to sink higher cur- 
rents at lower saturation voltages than it’s predecessors. 
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UC3840/UC3841/UC3851 PWM CONTROLLERS 
SUMMARY OF FUNCTIONS AND DIFFERENCES 


The UC3840/UC3841 and UC3851 PWM controllers in- 
corporate numerous protection features for switch mode 
power supplies. The list includes programmable under- 
voltage jockout thresholds, programmabie current limit 
thresholds, overvoltage protection, soft-start and exter- 
nal stop/reset capability. While these controllers are simi- 
lar in concept, there are subtle differences amongst 


EXTERNAL STOP 






Cap. to GND 
During Power-up 













SOFT START 


Ne ee eeteees eect UC3840 UC3841/51 
Stop 


Not 
Recommended 






fies ee ee UC3840 

High (>3.2 Latch 
Requires UV 

Low (<2.8 

Cycle to Reset 


them in the operation of the error latch circuitry, specifi- 
cally, the external stop and reset inputs. The UC3841 
and UC3851 ICs feature an improved circuit design 
which simplifies the interface to the internal protection 
circuitry. A summary of the functions and modes of op- 
eration is listed below. | | 






Defeat E/L Operation 






Delay E/L Operation 
at ~ 13msec/pF 





E/L= Error Latch 


__UC3841/51 






UC3840 UC3841/51 


After UV or Reset Unlatched Latched (Vss < 0.40 


The UC3851 controller incorporates two additional fea- 
tures, a toggle flip-flop for an accurate 50% maximum 


duty cycle clamp, and a 1 amp peak totem-pole output for 


MAXIMUM DUTY CYCLE (Tu = 25°C) 


UC3840/41 
0-95% 0-46% 


Rt = 20k, Cr = 1nF 


PWM OUTPUT 
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driving power MOSFETs. Maximum duty cycles and out- 
put configurations for each device is shown below. 


UC3840/41 | esse 
Open Collector Active Low | Totem Pole Active High 
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UC3842A FAMILY 
FREQUENCY FOLDBACK TECHNIQUE PROVIDES PROTECTION 


Excessive power dissipation in switching devices can 
occur during start-up and overload conditions in many 
switchmode power supplies. Many sophisticated PWM 
controllers provide the means for protection against 
these conditions; however, simple low-cost controllers 
will require additional circuitry. The circuit described be- 
low utilizes only one additional resistor and transistor to 
enhance the performance of the UC3842A family of con- 
trollers. 


The power supply output voltage is fed to the error am- 
plifier inverting input (pin 2) at a 2.5 volt amplitude under 
normal operating conditions. During start-up or overload, 


EXAMPLE: 


however, this voltage can drop to zero. The circuit 
shown uses this feedback voltage to divert normal 
charging current from the !C’s timing capacitor to ground 
whenever the feedback voltage is below the 2.5 voit 
nominal. A linear three-to-one reduction of oscillator fre- 
quency is obtainable for most applications. This tech- 
nique lengthens the potential maximum on-time and 
reduces the programmed deadtime. In many circuits, 
however, the peak current limit threshold is reached 
early in the cycle under these overload conditions, and 
this is not a problem. For most applications, the foldback 
resistor value (RF) should equal that of the timing resis- 
tor (RT). 


100 kHz operation, Rt = 15k, Ct = 1 nF, RF = 15k, Qi = 2N2907A 
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PROGRAMMABLE ELECTRONIC CIRCUIT BREAKER 


The design of a programmable electronic circuit breaker 
is shown below which utilizes the UC3843A control IC to 
facilitate a high speed turn-off following an overcurrent 
condition. This low cost, industry standard IC contains 
the required protection features and drive capability in a 
single 8 pin device. 


CIRCUIT OPERATION 


Power to the controller is provided by a simple, low cost 
60Hz transformer from the AC line which delivers 12 
VAC at the secondary. The output current is determined 
primarily by the relay used with an additional 10 mil- 
liamps, or so, drawn by the IC. Undervoltage lockout 
prevents any operation until 10 VDC is obtained across 
capacitor C1, when the UC3843A will turn on. The PWM 


SCHEMATIC DIAGRAM 


output at pin 6 goes high which drives the relay ON and 
switches the load across its respective power source. 
The load current is sensed by the current transformer 
T2, multiplied by its turns ration(N) and develops a volt- 
age across the sense resistor R4. This resistor is scaled 
to delivery 1 volt maximum at the full load current and is 
one input to the PWM comparator. 


While the output at pin six is high transistor Q1 is also 
turned ON which disables the ICs oscillator, locking the 
output high until toggles by the PWM. A10k resistor (R5) 
to the supply voltage (pin 7) supplies bias to Q1 after the 
output has gone low, providing a latched OFF condition. 
This can easily be reset by pulling Q1’s gate low through 
1k ohms to ground as shown. 


ELECTRONIC CIRCUIT BREAKER FEATURES HIGH SPEED CURRENT LIMITING 
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The other input to the PWM comparator is represented by the voltage at pin 1, the error amplifier output which 
can be adjusted by resistor R2. Internally, this voltage is reduced by two diode drops then attenuated to one- 
third its amplitude. The PWM circuitry compares this voltage with that of the current sense input at pin 3. 
When the current sense input exceeds the threshold set by resistor R2, the comparator is tripped and the 


ouptput at pin 6 is latched OFF. 
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CURRENT MODE CONTROLLED QUAS!-RESONANT 
ZERO VOLTAGE SWITCHING POWER CONVERSION 


Variable frequency power converters can also benefit 
from the use of current mode control. Two loops are 
used to determine the precise switch ON time, an "outer" 
voltage feedback loop, and an "inner" current sensing 
loop. The advantage to this approach is making the 
power stage operate as a voltage controlled current 
source. This eliminates the two pole output inductor 
characteristics in addition to providing enhanced dy- 
namic transient response. 


PRINCIPLES OF OPERATION 


Two control ICs are utilized in this design example. The 
UC3843A PWM performs the current mode control by 
providing an output pulse width determined by the two 
control loop inputs. This pulse width, or repetition rate is 


used to set the conversion period of the UC3864 ZVS 
resonant controller. Rather than utilize its voltage con- 
trolled oscillator (VCO) to generate the conversion pe- 
riod, it is determined by the UC3843A output pulse 
width. 


Zero voltage switching is performed by the UC3864 one- 
shot timer and zero crossing detection circuitry in their 
standard configuration. When the resonant capacitor 
voltage crosses zero, the UC3864 output goes high. 
This turns ON transistor Q1 and recycles the UC3843A 
which initiates the next current mode controlled period. 
The UC3864 error amplifier and VCO are not used, how- 
ever the fault protection circuitry will still respond to an 
overcurrent fault. 


CURRENT MODE CONTROLLED ZVS FORWARD CONVERTER 


VARIABLE FREQUENCY OPERATION 


UC3864 


UC3864 
ZERO 
VOLTAGE 
SWITCHING 
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OPTOCOUPLER FEEDBACK DRIVE TECHNIQUES 


The use of optocouplers in the feedback path of switch- 
mode power supplies is probably one of the most com- 
mon practices in the industry. Benefits of this method 
include low component cost, high voltage isolation and 
simplicity of design and implementation. Although ade- 
quate for many existing designs, the need for additional 
loop gain bandwidth occurs as switching frequencies are 
pushed towards the megahertz region. 


One of the most popular ways to drive an optocoupler 
utilizes a TL431 Adjustable Shunt Regulator. It is config- 
ured on the output side of the power supply to modulate 
the optocoupler’s photo diode current as a function of 
the power supply output voltage. Across its isolation 
boundary, the optocoupler transistor is connected to the 
PWM controller’s error amplifier on the primary side of 
the power supply. Variations in the output voltage are op- 
tically transferred back to the error amplifier and control 
loop for correction. Providing additional features like over 
current protection or external shutdown require extra op- 
tocouplers and drive mechanisms, thus increasing the 
circuit complexity. 


A linear regulator contro! IC, such as the UC3832, 
UC3833 or UC3836 can be substituted for the '431 while 
providing numerous additional features besides regulat- 
ing the output. Overcurrent limiting and fault protection 
can be combined with the error voltage to drive the opto- 
coupler and override it when necessary. Handshaking 
with external control logic, such as shutdown and se- 
quencing is greatly simplified since the control IC is re- 
ferred to the same ground. The most obvious benefit, 
however, is the introduction of the supplementary error 
amplifier in the feedback loop with programmable com- 
pensation. 


Depending on the specific application, current limiting 
can be tailored to accommodate a programmable fold- 
back characteristic, constant current or complete over- 
current shutdown. The UC3832 and UC3833 provide an 
addition level of versatility by offering a programmable 
duration event timer in the current limit circuitry. An ad- 
justable trip threshold to accommodate varying load de- 
mands can be facilitated with the UC3832. For additional 
information, piease consult application ncte U-116 and 
the respective device data sheets. 


UC3833 LINEAR CONTROL IC DRIVES OPTOCOUPLED FEEDBACK 


TO 
PRIMARY 
PWM 


OPTOCOUPLER 
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OPTOCOUPLER FEEDBACK DRIVE TECHNIQUES 
USING THE UC 3901 AND UC3903 


Numerous techniques and devices are available to 
the designers of optocoupler feedback circuits. The 
more traditional approaches utilize either an 
adjustable shunt regulator like the TL431 device or 
an op-amp and voltage reference as the optocoupler 
driver. While these approaches do satisfy the basic 
requirements in many applications, quite often they 
lack the performance that is achievable from a more 
sophisticated circuit. Too often, these low cost 
solutions necessitate additional protection circuitry 
elsewhere in the control circuit to overcome the 
deficiencies in the feedback path. 


A variety of low cost supervisory ICs contain the 


required building blocks for the more demanding 


optocoupler feedback drive applications. Initially 
developed to address other specific power supply 
tasks, several control ICs excel in the role as 
precision optocoupler control and drivers. 


The basic building blocks necessary for optocoupler — 


feedback control are a precision reference, an error 


amplifier and a drive stage capable of approximately 
20 milliamps. In a typical application, the power 
supply output voltage is monitored and compared to 
a reference voltage to the error amplifier inputs. 
Loop compensation and gain are programmed 
around the amplifier, and the resultant error voltage 
(Ve) modulates the optocoupler drive current, hence 
feedback. 


In addition to the simple regulation of output voltage, 
several other housekeeping functions can be 
performed on the secondary side of the power 
supply - all with a single integrated controller. Fault 
protection, for example, from an over voltage or an 
over current condition can be detected and used to 
override the normal optocoupler drive. An 
undervoltage lockout feature could prevent false 
feedback information during power-up and power 
down sequences of the power supply. Also, a 
POWER-OK indicator could separately 


‘communicate with the primary side controller, or 


used to gate the optocoupler drive at the secondary 
side. 


Basic Optocoupler Driver Circuit 
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Figure 1. 
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THE UC 3901 ISOLATED 

FEEDBACK GENERATOR 

Many isolated feedback applications required higher 
performance than can be obtained from an 
optocoupler feedback technique. Generally, these 
fall into one of two categories; high frequency 
switchers (above 250kHz) and those with very high 
voltage isolation requirements (greater than 5kV). 
The UC 3901 was developed to amplitude modulate 
a high frequency carrier applied to a transformer in 
place of the optocoupler. A peak detection circuit is 
used to reconstruct the error voltage waveform 
across the isolation boundary. 


By disabling the internal oscillator, no chopping 
occurs and the outputs operate as linear drivers. 
When placed across an optocoupler this 
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configuration yields similar results to other drive 
techniques - with two advantages. First, a closed 
loop startup of the power supply can be obtained 
since both inputs to the error amplifier are made 
available. Rather than using the traditional approach 
of soft-starting the error amplifier output, the 
noninverting, or reference input is gradually ramped 
up. This technique prevents a large overshoot from 
occurring as the output approaches regulation. In 
contrast to the prior method, the amplifers loop 
compensation network is not abnormally biased 
during startup - causing the output excursions. 
Additionally, an over and under voltage detection is 
available at the UC3901 "Status output" pin. This 
open collector output can drive a separate fault 
indication optocoupler for communication to the 
PWM controller. 


Optocoupler Drive Circuit Features Additional Protection 
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ouT B [| 
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IGBT DRIVE USING MOSFET GATE DRIVERS 


John A. O’Connor 


IGBT Drive Requirements 


Insulated gate bipolar transistors (IGBTs) are 
gaining considerable use in circuits requiring high 
voltage and current at moderate switching 
frequencies. Typically these circuits are in motor 
control, uninterruptible power supply and other 
similar inverter applications. Much of the IGBTs 
popularity stems from its simple MOSFET-like gate 
drive requirement. In comparison to bipolar 
transistors which were formally used in such 
designs, the IGBT offers a considerable reduction in 
both size and complexity of the drive circuitry. 
Recent improvements in IGBT switching speed has 
yielded devices suitable for power supply 
applications, thus IGBTs will compete with 
MOSFETs for certain high voltage applications as 
well. Many designers have therefore turned to 
MOSFET drivers for their IGBT drive requirements. 


COLLECTOR 


GATE Cce 





EMITTER 


Figure 1. High dv/dt at the collector couples to the gate 
through parasitic capacitance. 

IGBT drive requirements can be divided into two 
basic application categories: Those that do not apply 
high dv/dt to the collector/emitter of the IGBT when 
it is off, and those that do. Examples of the former 
are buck regulators and forward converters, where 
only one switch is employed or multiple switches are 
activated synchronously. High dv/dt is applied 
during the off-state in most bridge circuits such as 
inverters and motor controllers, when opposing 
devices are turned on. Simultaneous conduction of 


opposing devices can occur in such circuits, often 
with catastrophic results if proper gate drive and 
layout precautions are not followed. This behavior is 
caused by parasitic collector to gate (miller) 
capacitance, effectively forming a capacitive divider 
with the gate to emitter capacitance and thus 
inducing a gate to emitter voltage as illustrated in 
figure 1. 


When high off-state dv/dt is not present, the IGBT 
can be driven like a MOSFET using any of the gate 
drive circuits in the UC37XX family as well as from 
the drivers internal to many switching power supply 
controllers. Normally 15 volts is applied gate to 
emitter during the on-state to minimize saturation 
voltage. The gate resistor or gate drive current 
directly controls IGBT turn-on, however turn-off is 
partially governed by minority carrier behavior and 
is less effected by gate drive. 


There are several techniques which can be 
employed to eliminate simultaneous conduction 
when high off-state dv/dt is present. The most 
important technique, which should always be 
employed, is a Kelvin connection between the IGBT 
emitter and the driver’s ground. High di/dt present in 
the emitter circuit can cause substantial transient 
voltages to develop in the gate drive circuit if it is not 
properly referenced. The Kelvin drive connection 
also minimizes the effective driver impedance for 
maximum attenuation of the dv/dt induced gate 
voltage. This requirement adds complication to 
driving multiple ground referenced IGBTs due to 
finite ground circuit impedance. Substantial voltages 
may develop across the ground impedance during 
switching, requiring level shift or isolation circuitry at 
the command signal to allow Kelvin drive circuit 
connections. 


Bipolar Gate Driver 


A Kelvin connected unipolar driver may often be 
adequate at lower switching speeds, however 
negative gate bias must be applied during the 
off-state to utilize the IGBT at higher rates. This 
becomes apparent when one considers that the gate 
to emitter threshold voltage drops to approximately 
1.4 volts at high temperature. With high dv/dt at the 
collector, a very low and impractical drive 
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impedance is required to assure that the device 
remains off. By utilizing a negative turn-off bias, an 
adequate voltage margin is easily achieved, 
allowing the use of a more practical gate drive 
impedance. Fortunately most gate drivers have 
sufficient voltage capability to be used with bipolar 


TTL +Vcc 
750 
1pF 
6 7X 1N5822 
2N3906 
f 2,4 7,5 
ls " 
750 
’ 4 IN5822 


-VeE 
Figure 2. Bipolar IGBT gate drive using the U3708 


power supplies. The UC3708 shown in figure 2 can 
deliver up to 6 amps peak with both output’s 
paralleled, and is particularly suited to driving IGBTs. 
For added reliability during power sequencing, its 
output’s "self bias", actively sinking current when 






UC3725 


DN-35 


insufficient supply voltage is present. The positive 
supply,+Vcc, is normally 15 to 16 volts and the 
negative supply, -VEE, typically ranges between -5 
and -15 volts depending on circuit conditions. APNP 
level shift circuit references the drive signal to 
ground. Opto-couplers are also commonly 
employed, and may be interfaced directly to the gate 
driver by referencing the signal to the negative 
supply. Note that this is a very demanding 
application for optocouplers, and only devices rated 
for high CMRR should be used. 


Isolated Gate Driver 


A bipolar IGBT gate driver with over-current 
protection can be implemented using the 
UC3724/UC3725 isolated gate driver pair as shown 
in figure 3. The UC3724/UC3725 transmits both 
power and signal across a small pulse transformer, 
thereby achieving low cost, high voltage isolation. 
An additional transformer winding develops a 
negative voltage, providing a bipolar supply for the 
UC3708. The UC3724/UC3725 can also be used for 
circuits which do not require negative turn-off bias 
by simply eliminating the negative supply and 
external driver, and using the UC3725 to drive the 
IGBT gate directly. Application note U-127 covers 
the UC3724/UC3725 in depth. | 





{\. 1N5822 


RG 
IN5822 


Figure 3. Power and signal are coupled to the UC3708 through the UC3724 / UC3725 Isolated Gate Driver Pair. 
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UC1525B/UC1527B DEVICES 
Comparison Summary to UC1525A/27A Devices 


The UC1525B and UC1527B devices are enhanced almost all applications. Significnt improvements 
versions of the previous generation of UC1525A and have been made in the 5.1V reference voltage and 
UC1527A devices. They are pin-for-pin compatible the output drivers as itemized in the tables below. 
and direct replacements for the "A" versions in 7 7 


































REFERENCE VOLTAGE 
6.062 V 5.05 V 


5.198 V 5.15 V 


W140 mV 
| Total Output Variation (max) | 8.096VI05.164V | S.00VI0520V 
| 


Long Term Stability (max) 
8 ppm/deg. C 
PWM OUTPUT SECTION ee 


Temperature Coefficient (typ) 

fee eee 
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PWM OPERATION WITH LOW INPUT VOLTAGES 


Bill Andreycak 


Many of the PWM control ICs available today feature 
undervoltage lockout circuitry (UVLO) which 
requires minimum of 8 to 16 volts for turn-on to 
occur. This protection feature also makes them 
unsuitable for many low input voltage, or battery 
powered applications. A few of the mature ICs, 
however, can be "tricked" into operation by simply 
overriding their undervoltage lockout protection. The 
list includes the UC494A, UC1524 (non A), 
UC1526A, UC1841 and UC1851 PWM controllers. 


5 VOLT INPUT PWM OPERATION 


These devices relied primarily on the reference 
voltage (VREF) to be within its normal operating 
range to determine UVLO. Whenever the input 
voltage (VIN) is too low, the reference voltage, 
derived from the input, would also be too low. These 
devices can be brought into operation by pulling 
VREF, VIN and Vc (or collector supplies) above 
approximately 4.7 volts. Operation from a fixed 5 volt 
input supply can be achieved with a slight 
degradation of performance. 


Vrer LIMITER CIRCUIT 





Figure 1. 
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A simple modification to this technique will allow 
operation with a variable low voltage DC input. A 
limiter circuit shown in figure 2 pulls VREF up to Vcc 
when the input voltage is below about 5.5 volts. This 
circuitry then breaks the connection allowing Vcc to 
rise without pulling VREF any higher. This is 
necessary to prevent VREF from exceeding its 
maximum rating of about 6 volts. Most of the PWMs 
listed will supply adequate bias to VREF with Vcc 
above 6 volts. The limiter circuit can be modified to 
accommodate each individual controller and 
application, typically by adjusting the 20 K ohm 
base-to-emitter resistor. Another choice to the list of 
PWMs is the UC1860 controller which is fully 
functional at an input of 5 volts. This high speed 
device features operation to 3 MHz with dual 2 amp 
peak outputs. Although intended for variable 
frequency resonant mode conversion, it can be 
operated at a fixed frequency and pulse width 
modulated. (END) 


Vrer LIMITER CIRCUIT 


4.5V 
MIN 





ON:Vin-4.5V 
OFF:Vin-5.5V 


GND 
Figure 2. 
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UNIQUE "CHEAP AND DIRTY" CONVERTER 
FOR LOW POWER BIAS SUPPLIES 
Bill Andreycak 


Regulated output voltage is obtained - regardless of input voltage 


Most power supply designs use PWM controller ICs 
and MOSFET switches which require 10 to 15 volt 
bias supplies for proper operation. A common 
application problem is to first generate an auxiliary 
supply within this range. Although simple in many 
applications, developing this supply with a variable 
low voltage input can be challenging especially 
when the input amplitude goes both below and 
above the desired output voltage. The circuit shown 
below is a unique, inexpensive solution to this 
problem. | 


Basically, the topology is a two transistor flyback 
(buck-boost) converter which provides a 
noninverting output polarity. By varying the duty 
cycle, the output voltage can be either higher or 
lower than the input amplitude. This attribute makes 
this approach ideally suited for many widerange 
input or automotive applications. Likewise, this 
technique is equally applicable to power factor 
correction applications. Additionally, the inductor 
can be operated in either the continuous or 
discontinuous current modes. 


BUCK-BOOST CONVERTER (2 XTOR) 





Figure 1. 


Implementation of this technique will require a "high 
side" switch connected to the input voltage (VIN) and 
a low side switch to ground. Both of these are 
activated together, placing the inductor across the 
input supply while the switches are on. At turn off, 
the inductor is placed across the output capacitor 


and the two diodes conduct until the current reaches 
zero (discontinuous mode) or the next switching 
cycle is initiated (continuous mode). Inductor voltage 
and current waveforms are shown at maximum duty 
cycle for clarity. 


INDUCTOR VOLTAGE AND CURRENT 





Figure 2. 


At first, most PWM controllers may seem to be likely 
candidates for implementation of this technique. 
However, only one PWM features the ability to 
simultaneously switch both outputs together. The 
UC494A provides this operational mode by 
grounding its output control (O/C) input. Also limiting 
the IC selection is the fact that one IC output must 
go high and the other low each cycle. This is 
accomplished by connecting each of the UC494A’s 
output collectors and emitters as required. 


Switching at 200kHz in this application, the UC494A 
is programmed by a 9.1 K timing resistor (RT) and 
470 pF capacitor (CT). High frequency conversion 
facilitates the use of a small (surface mount) inductor 
and output storage capacitor. Output voltage is 
regulated by using the ICs "A" amplifier as the 
voltage error amplifier. The 15 volt output is divided 


9-500 


Design Notes 


down to 5 volts across the 15 K ohm resistor at pin 
1 and compared to the reference voltage at pin 14. 
The 30K ohm resistor to Vout can be changed to 
provide different output voltages if required. 
Amplifier "B" is not used, but can be configured to 
provide overcurrent or overvoltage protection if 
desired. Schottky (1N5820) diodes are used in the 
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power stage to maximize efficiency. Standard silicon 
diodes can be substituted in cost sensitive 
applications with some performance degradation. 
Efficiency for the 400 mW converter shown in figure 
3 is approximately 50% for inputs between 7 and 16 
volts and decreases slightly at higher and lower 
inputs. Consult Unitrode Design Note DN-37 for 
further information about 5 volt PWM operation. 


BUCK BOOST CONVERTER USING THE UC 494A PWM CONTROLLER 
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Figure 3. 
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— OPTIMIZING PERFORMANCE IN UC3854 
POWER FACTOR CORRECTION APPLICATIONS 


by Bill Andreycak 


The performance of the UC3854 Power Factor 
Correction IC in the 250 watt application example 
has been evaluated using a precision PFC/THD 
instrument. The result was a power factor of 0.999 
and Total Harmonic Distortion (THD) of 3.81%, 
measured to the 50th line frequency harmonic at 
nominal line and full load. Users should get similar 
results at these conditions. as well as over most line 
and load ranges. Summarized next are the circuit 
modifications which will improve the performance of 
most UC3854 PFC applications. 


AMPLIFIER CLAMPS 


There are a few ways to improve the obtainable 
power factor and performance in an application 
circuit. First, both the voltage and current amplifier 
outputs should have a "clamp" circuit to limit the 
output voltage swing and prevent saturation of the 
amplifier. Without the clamps, overshoot of the 
respective voltage or current loop could result thus 
degrading optimal performance. The current 
amplifier should be clamped with a 7.5 volt zener 
diode from the output (pin3) back to the inverting 
input ISENSE(pin4). Similarly, the voltage amplifier 
is clamped by installing a 1N4148 signal diode from 
its output (pin7) to the inverting input (pin11). Both 
examples are shown in figure 1. Each amplifier is 
self protected with internal current limiting, however 
the IC power consumption may increase during this 
interval. | 


CURRENT AMPLIFIER 


OFFSET VOLTAGE CANCELLATION 


The current amplifier maximum input offset voltage 
is specified as +/- 4 millivolts. Failing to 
accommodate the offset voltage can causes a spike 
in the leading edge of the line current following the 
zero voltage crossing. The spike will occur until the 
current amplifier comes out of saturation and then 
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Figure 1. 


resumes normal operation. The worst case offset 
voltage can be canceled by adding a small current 
to the biasing resistor (R3) located from | SENSE 
(pin 4) to ground. This cancellation current (1.1pA ), 
when multiplied by the bias resistor value (3.9K) 
should be designed to provide the four millivolt 
offset. 
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Design Notes 


This offset cancellation current should be obtained 
from the UC3854 supply voltage. Although a 
constant current source is optimal, a resistor from 
Vcc to the | SENSE input will provide acceptable 
results as shown also in figure 1. An 8.2 megohm 
resistor will develop a 1.1 microamp current into the 
3.9 K ohm resistor used in the design example. This 
will generate a 4.28 millivolt offset at the worst case 
of operation where Vcc is 9 volts. It is adviseable to 
generate this bias from Vcc and not the UC3854 
reference which is inactive until the undervoltage 
lockout threshold is reached. Bias cancellation 
circuits from the reference could cause the current 
amplifier to saturate before the devices crosses its 
UVLO turn-on threshold. This condition will increase 
the start-up current of the UC3854 above its 2 
milliamp specification and may prevent start-up in 
certain off-line applications. 


CURRENT SENSE AMPLITUDE 


The current sense signal should be made as high as 
possible, and a one volt full scale signal is 
recommended. Since resistive sensing can cause 
high power loss many users elect to generate only 
100 to 200 millivolts at full load. In comparison, 
ground noise and slight amplifier offset voltages 
represent a higher percentage of the total current 
sense signal. Best results are obtained with the one 
volt (max) input and lower performance could be 
incurred with lower current sense signals. especially 
at light loads and high line voltages. Alternatives to 
resistive current sense are given below . 


CURRENT SENSE TECHNIQUES 


An optional technique to resistive current sensing 
should be considered to reduce power loss in the 
current sense circuitry. Two current sense 
transformers can be installed to sum both the switch 
and diode currents which will recreate the actual 
inductor current as shown in figure 2. These 
transformers must be designed to operate over the 
full range of duty cycles for the PFC converter design 
which approaches 100% as the line voltages nears 
zero. 


Another current sensing option is to use a DC current 
sense module or transformer which is typically Hall 
Effect based. Two application concerns are the cost 
and accuracy of this technique which may limit its 
usage to only specialized applications. 
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PFC BOOST CONVERTER 


TH | T2 Vout 


TO 
VIN -4 


TRANSFORMER COUPLED CURRENT SENSE 


TO PIN 4 <}|~ 





TO PINS < 
Figure 2. 


A single current sense transformer in series with the 
PFC switch can also be used. This technique will 
require some additional circuitry to accurately 
reconstruct the primary current signal as shown in 
figure 3. Generating the inductor current signal while 
the switch is on is a simple task. The difficulty is in 
reconstructing the inductor current while the switch 
is off while no current is flowing in the current sense 
transformer. 


Inductor current sensing can be simplified to use 
only one current sense transformer and a current 
sink circuit. The current sense signal is developed 
across resistor Ri through diode DI while the switch 
is on. A second diode to the current sense 
transformer develops an identical voltage across 
capacitor Cl as determined by the current sense 
resistor primary current and turns ratlo. When the 
PFC switch turns off capacitor Cl maintains the peak 
amplitude of the previous current sense signal. 


9-503 





Design Notes 


Charge is removed by an ideal current sink circuit 
which lowers the capacitor voltage linearly during 
one switching cycle. The current is scaled to 
discharge at the rate proportional to Vout minus 


PFC BOOST CONVERTER 


T1 Vout 


TO 
VIN 


SINGLE TRANSFORMER CURRENT SENSE 





Figure 3. 


Vin(t) divided.by the inductor value, L. The input 
voltage (Vin) is constantly varying throughout the AC 
line cycle and so must the capacitor discharge 
current. | 


The circuitry shown in figure 4 will modulate the 
current sink inversely with the instantaneous line 
voltage. This will result in the correct discharge of 
capacitor C1 to reconstruct the actual inductor 
current. Polarity has been optimized for use with the 
UC3854 which requires a current sense signal below 
the ground reference. Another option is to develop 
a few volts of current sense signal to improve noise 
immunity and resistively divide this down. to the one 
volt maximum input to the UC3854 controller. 


Transistors QI through Q4 should be identical for 
best results. Transistors QI and Q3 are for 
temperature compensation of the base emitter 
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Figure 4. 


junctions of Q2 and Q3. Emitter ballasting (50 to 100 
mV) will also improve performance. The emitter 
currents of QI and Q2 should be similar and equal to 
Vin/Rin. This current is diverted away from the bases 
of Q3 and Q4 which limits the total range of sink 
current to the current sense filter capacitor, CFILT. 


SCHOTTKY PROTECTION DIODES 


Each pin of the UC3854 must be protected from 
negative voltages exceeding minus three hundred 
millivolts (-0.3V) maximum. In most applications, 
only three pins of the IC need external protection 
Schottky diodes. The gate drive output (pin 16) 
requires a 1N5820 3 amp Schottky diode to protect 
against parasitic inductive effects with high speed 
switching. The multiplier output (pin 5) and peak 
current limit (pin 2) need Schottky diode protection 
during abnormal overcurrent conditions and during 
the initial inrush currents upon power-up. A 1N5817 
Schottky diode will provide adequate clamping since 


PFC BOOST CONVERTER 


AUXILIARY 
WINDING 
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REGULATED AUXILIARY BIAS C10 = 10 nF 
Ci1=1nF 

C12 =0.1 uF 

C13 = 62 pF 

C14 = NOT USED 
C15 = 620 pF 
C16=1F 


DIODES 

D1 =4 AMP/800VDC BRIDGE 

D2 = UHVP806 FAST RECOVERY 
D4 = 1N5821 SCHOTTKY 3A 

D5 = 1N4148 

D6 = 1 AMP/100V BRIDGE 

D7 = 1N5817 Schottky 

D8 = 1N5817 Schottky 





Figure 5. 


FUSE 


the currents are low due to series resistors to the F1 - 6A/250VAC FUSE 


current sense Circuitry. 


INDUCTOR 
REGULATED AUXILIARY SUPPLY L1 =1 milliHenry Inductor 


A secondary winding on the PFC boost inductor can TRANSISTORS 

be used to deliver a regulated auxiliary bias supply Q1 = 500V/0.25 ohm NMOS FET 
with few external components as shown in figure 5. Q2 = 450V/0.5A NPN 

Unlike more conventional and unregulated single Q3 = 50V/.5A NMOS FET 
diode or bridge rectifier techniques, this approach 


uses two diodes in a full wave configuration. RESISTORS (1/2 WATT) 
R1 - 0.25 ohn/5 WATT 
This arrangement develops two separate voltages R2=3.9K 


across capacitors C1 and C2 each with 120 Hz R3 =3.9K 
components. However, when these two are See 
summed at capacitor C3, the line variations are a 


a cd R6 = 24K 
canceled, and a regulated auxiliary bias is obtained. R7 =240 K - 
The number of turns on the secondary winding will R8 = 910 K (400V) 


adjust the bias supply voltage. Additional windings R9=91K 
on the boost inductor with similar rectification and R10 = 20K 
filter circuitry can be used to deliver other R11=220K 





semi-regulated isolated outputs. ips = =f : 
R15 = ZERO ohm 
UC 3854 POWER FACTOR CORRECTION =) a. a 
EVALUATION KIT R00 = 30 K/3W © 
R23 = 470K © 
LIST OF COMPONENTS R24 = USER SPECIFIED 
R25 = 910 K (400V) 
CAPACITORS (25 VDC) R26 = NOT USED (OPEN) 
C1 = 0.47 pF/250 VAC 
C2 = 450 uF/450 VDC THERMISTOR 
C3 = 270 pF TH1 = ohm NTC 
C4 =1 uF 
C5 = NOT USED INTEGRATED CIRCUIT 
C6 = 47 nF | U1 = UC3851 PFC CONTROLLER 
C7 = 0.47 pF 
C8 = NOT USED 
C9 = 100 mF 


9-505 


O9ve-v2er (609) XV4 * OL P2-PeP (609) “T3L 
¥SOCO HN ‘MOVAIHYSW © ‘GA19 TY LNANILNOO 2 
SLINOYIO GALVHDS.LNI S3GOKLINN 


905-6 


250 WATT EXAMPLE 
Vin= 80-270 Vac 


C12 0.1pF 


l-— 


20K R10 


0.47 pF 


C7 


4+ 
— 


TPrae O 


Tere" 


NOT USED 


cea 


R12 27K 


FA 


Cr ee 


CURRENT AMP ; 
OFFSET BIAS ; 
CANCELLATION 


Oe i 


R21 24K 


Qs 


6A 


O38 1év 


C1 











see 













by. ciet eiaceiae tease : : : b2 
: UHVP806 








c2 
450pF 










Al 0.26Q 





APT&5026 






eo ceorearecere 


2 


REGULATED 
BIAS SUPPLY 






Ce 


CC 


D7 1N5817 


1N4148 V/A CLAMP 





eee der ron eee maar rer eer sresecerersseorer tos 


R7 240K 





a ee 





| UC3854 ke: Reet 
To Cl InF 
o 2b bean R14 16K 
2 5 NOT SYNC 

u °o USED 

= ua 

é re . 

2], 4] 2 Ris 

0 OHM 


R 

2 4 iC RO 
Dor: 

>. 


TP *p° 


Vout = 385Vpc 


TP °E 














uonedjddy u0ljda1104 10}0C4 JAMOg HEM 0SZ 


OneWAaYIS pieog Od UOHeNjeAy PSseon Sa}ON ubiseg 


d6e-NG 


INTEGRATED 
| | CIRCUITS 
eee UNITRODE 
Design Note 


DN-40 


THE EFFECTS OF OSCILLATOR DISCHARGE CURRENT VARIATIONS 
ON MAXIMUM DUTY CYCLE AND FREQUENCY 
IN UC3842 AND UC3842—“A” PWM ICs 


by YEAM CHONG HOCK 


Many designers try to program a precise maximum 
duty cycle and operating frequency by careful se- 
lection of the oscillator timing components, Rt and 
Ct. Because of the variations in oscillator dis- 
charge current, very accurate programming is not 
easily obtainable. However, it is possible with ICs 
which contain a “trimmed” discharge current which 
has specified limits. This Design Note will detail 
programming frequency and maximum duty cycle 
with both types of oscillators. Simplified equations 
will be used to develop obtainable ranges for these 
parameters over IC tolerances. 


ON-TIME 


Maximum on-time directly corresponds to the maxi- 
mum charging time of the timing capacitor. Charg- 
ing time (Tc) is determined by the timing capacitor 








Figure 1: Basic UC3842 Oscillator Circuit 





Figure 2: Timing Waveforms and Design Equations 


value (Ct), the charging current (IRt) and the volt- 
age amplitude between the upper and lower oscil- 
lator thresholds. 


OFF-TIME (DEADTIME) 


The off-time occurs while the timing capacitor is 
discharged from the oscillator upper threshold to it 
lower threshold. The discharge current actuall 
sinks two currents to ground. One current is flow- 
ing from the discharging timing capacitor. Another 
current flows from the timing resistor (Rt) pulling to 
Vref. Therefore, the effective timing capacitor dis- 
charge current (ICt) is the ICs discharge current 
(Id) minus the timing resistor charging current (IRt). 
Maximum duty cycle and switching frequency can 
be controlled by accurately setting the ratio of 
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these currents and capacitor value. The related 
equations are listed below. 


CHARGING : 


ICt= Cx Mct=C*dV/Te 
Te 


ICt = = (approximation) 


dV 
TC = CX Tp 


DISCHARGING : 


ICt = Id - IRt 
dv 
(IRt- Id) 
( Id - IRt) 
Id 
DUTY CYCLE: 
_ Te 
- ( Tc + Td) 
(Id - Rt) 
~ Id 
SWITCHING FREQUENCY: 
ee ee 
Tper (1Tc+Td) 
(Id- IRt) 
~ (Idx Te) 
EXAMPLE 1: 


This example will calculate the potential variations 
in maximum duty cycle and frequency using a 
standard UC3842 device. A ten milliamp internal 
discharge current (Id = 10mA) will be used for in- 
itial programming. The worst case limits of 6 and 
14 milliamp discharge currents will be used to ana- 
lyze the possible variations. A target of 100kHz at 
60% duty cycle will be used. 


Id = 10mA ( typica} 

Id (min ) = 6ma, Id( max ) = 14ma 
F (typ) = 100kHz 

D = 0.60 ( 60% ) 


Td=cx 


Td= 


D 
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Based on the 10 mA discharging current and the 
equations previously mentioned; 


IRt=4mA, and Tc = 6us 


Using the same Rt and Ct values with a discharge 
current of 6 mA results in: 


Dmax = 0.33 ( 30% ) 
F = 55kHz 


When the highest discharge current of 14 mA is 
used, the results are : 


Dmax = 0.71 (71% ) 
F=118kHz 


Therefore, the total possible range due to dis- 
charge current variations in maximum duty cycle 
and frequency is : 


Dmax = 33 71 percent 


Frequency = 55 188kHz 


In most applications this range is far too wide to 
use in a high volume production environment. One 
technique to minimize the effects of the discharge 
current is to have the ICs sorted into different 
groups. Each group can have a tight distribution or 
tolerance and will use a specific timing resistor and 
Capacitor to achieve the desired frequency and 
duty cycle. Each other group will also need a spe- 
cific Rt and Ct fro that group. Keeping these 
groups seperated can create problems in some 
production situations. One alternative is to have 
the ICs measured and “binned” at the factory. An- 
other way is to use only ICs within one distribution 
group, for example, 10 mA +/- 1 mA. Listed below 
is a general procedure to follow with grouped parts. 


1. Sort ICs by discharge current range 
ex: 7MA +/-1 mA (6-8 mA total) 


2. Select Rt and Ct using previous equations and 
worst case conditions. 


Table 1 shows the results of selecting ICs by dis- 
charge current. The oscillator was programmed not 
to exceed 100 kHz and 60% maximum duty cycle. 
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nF) |Duty% 


| Discharge |Rt 
(+/- ImA) (k) 
1.25 (14.1 


TRIMMED DISCHARGE CURRENT 


Very repeatable and predictable high volume 
prouduction can be rescued from these variations 
by using the right IC, one with a trimmed discharge 
current. The UC3842A, UC3843A, UC3844A and 
UC3845A devices have an internal factory trimmed 
discharge current with a tight distribution. This is 
set at 8.3 mA typically, and can only vary between 
a low of 7.5 mA and a high of 8.8 mA. Program- 
ming these ICs for a 50% maximum duty cycle and 
100 kHz switching frequency will result in worst 
case variations of : 


D( min) = 56% 
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D( max) = 62% 
F( min) = 92.9kHz 
F( max) = 103.8kHz 


This is a significant improvement over the non “A” 
version devices. The accuracy of these ICs will im- 
prove when these ICs are used at wider maximum 
duty cycles, for example 65 to 85 percent. The 
UC3844A and UC3845A are intended for 50% 
maximum duty cycle applications and contain a flip 
flop to insure that 50% D(max) is never exceeded. 
The UC3842A and UC3843A have maximum duty 
cycles near 100% and can be adjusted lower using 
the appropriate Rt and Ct components. 
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_ EXTEND CURRENT TRANSFORMER RANGE 


by PHILIP C. TODD 


Transformers are used extensively for current 
sensing because they can monitor currents with 
very low power loss and they have wide bandwidth 
for good waveform fidelity. Current transformers 
perform well in applications with symmetrical AC 
currents such as push-pull or full bridge converter 
topologies. In single-ended applications, espe- 
cially boost converters, problems can arise be- 
cause of the need to accurately reproduce high 


duty factor, unipolar, waveforms.. Unipolar pulses - 


may saturate the current transformer and, if this 
happens, over current protection will be lost and, 
for current mode control, regulation will be lost and 
an over voltage condition will result. 


The transformer core must be reset after each 


pulse so that the full range of the transformer will - 


be available for the next pulse. Self reset of the 
current transformer is the most common tech- 
niques used but it has drawbacks. Self reset uses 
the energy stored in the current transformer core 
for reset and depends on the open circuit imped- 
ance of the current transformer to generate enough 
volt-seconds in a short period of time for reset. 
Current transformers operated above a 50% duty 
factor may not have enough stored energy to allow 
complete reset in the time available and this situ- 
ation becomes worse as the duty factor ap- 
proaches 100%. 


The magnetizing inductance of the current trans- 
former must be kept high because this determines 
the amount of droop the current waveform will ex- 
hibit over the pulse period. The higher the induc- 
tance the lower the droop will be. The waveform 
droop opposes slope compensation and should be 
kept to a minimum. High magnetizing inductance 
also means that the core stores very little energy 
which can be used to reset the core. 


The current transformer turns ratio generally needs 
to be high to lower the power loss. The more turns 
put on the core, however, the greater the leakage 
inductance and the greater the parallel capaci- 


tance. The leakage inductance by itself is gener- 
ally not a problem but it will limit the current rise 
and fall times. The parallel capacitance also limits 
the bandwidth of the current transformer but it is a 
greater problem during transformer reset. For the 
transformer to reset properly, all of the energy 


stored in the core must be removed. In self reset 


this energy must transfer from the magnetizing in- 
ductance to the parallel capacitance in a resonant 
manner. If the capacitance is too large, the reso- 
nant frequency will be too low and the magnetizing 
inductance will not be reset before the next pulse 
begins. | - 





Figure 1: Conventional self-reset current . 
transformer 


Figure 1 shows a conventional current transformer 
circuit which uses self reset. The current | flowing 
in the primary, causes a current to flow through D 
and Rs to generate an output voltage proportional 
to Vc=IRs/N where N is the current transformer 
turns ratio. The problems discussed above occur 
during the reset interval when l=O. The core of T 
may not have enough energy to fully reset itself in 
the time available given the secondary capacitance 
of T plus the capacitance of D. 


The problems.with self reset of current transform- 
ers for unipolar pulse applications can be over- 
come with simple forced reset techniques derived 
from magnetic amplifiers. Duty factors above 90% 
are achievable with these techniques. 
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Figure 2: Current transformer with forced reset 


Figure 2. shows the same circuit as Figure 1 con- 
figured for forced reset. The diode D has been 
moved from the high side of the transformer secon- 
dary winding to the ground side. This, of course, 
has no effect on the operation of the circuit and 
during the pulse this circuit behaves exactly as ex- 
pected. During reset, however, Rr makes the cir- 
cuit operation quite a bit different. 


Acurrent from Vcc through Rr can be much greater 
than the self reset current available from the mag- 
netizing current of the transformer. This forcing 
current rapidly charges the parasitic capacitances 
and reverses the voltage on the secondary of the 
transformer. The applied volt-seconds can quickly 
reset the core so that high duty-factor operation is 
possible. 


The forced reset may be high enough to drive the 
current transformer into saturation and this is an 
acceptable practice because the core will be satu- 
rated in the opposite direction (i.e. full reset) from 
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the current pulse to be measured. This can be 
beneficial in some applications as it doubles the 
number of voit-seconds available from the trans- 
former. 





Figure 3: Negative output current sense 


in some applications it may be desirable to gener- 
ate a negative voltage from the current trans- 
former. This can be accomplished without a 
negative voltage source to reset the transformer. 
Figure 3 shows the configuration. In this circuit 
there will be an error because the reset current 
subtracts from the sense current in Rs during the 
pulse. Care must be taken to minimize this effect. 


There are other circuit configurations which are 
possible to force reset of the current transformer. 
Switches may be used to switch the reset current 
on and off. Additional windings or center tapped 
windings may be used also. Many circuits are pos- 
sible and may provide a specific improvement at 
the expense of complexity. The circuits shown 
here are the simplest available and illustrate the 
basic concept. 
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DESIGN CONSIDERATIONS FOR TRANSITIONING 
~ FROM UC3842 TO THE NEW UCC3802 FAMILY 


John Gaumont 


In arr attempt to stay abreast of trends in the power supply marketplace, the Power Supply Design Engineer 
is perpetually seeking methods of improving upon existing designs. Requirements such as lower power for 
battery operated equipment, higher switching frequencies for reduced magnetics size, higher levels of circuit 
integration for improved reliability and lower cost have become necessities for survival. 


The UCC3802 offers numerous advantages which allow the Power Supply Design Engineer to meet these 


challenging requirements. Features include: 
e BI-CMOS Process 


e Low Starting Supply Current: typically 100LA 

e Low Operating Supply Current: typically 500A 
Pin out Compatible with UC3842 and UC3842A 
families 

e 5 Volt Operation (UCC3803, UCC3805) 

e Leading Edge Blanking of Current Sense Signal 

e On-Chip Soft Start _ 

e Internal Full Cycle Restart Delay _ 

e 1% Voltage Reference ~ 

e Up to 1 MHz Oscillator 

e Self-Biasing Output Low During UVLO 

e Very Few External Components Required | 

e 70ns Response from Current Sense to Output © 

e Available in Surface Mount or DIP Package 


The UCC3802 family of devices are pin out 
compatible with the UC3842 and UC3842A families 
however, they are NOT PLUG-IN COMPATIBLE. In 
general, the UCC3802 requires fewer external 
components and consumes less operating current. 
The following UCC3802 family attributes should be 
considered BEFORE inserting the device into a 
UC3842/42A family socket: 


1. Maximum supply voltage 

2. Turn-on and Turn-off thresholds 

3. Oscillator Rt, Ct values 

4. Schottky diodes may not be required on output 
due to MOS body diode 

5. No current sense filter required 

6. No soft start circuitry required 

7. Auxiliary power (bootstrap winding) may not be 
required 


Detailed Pin By Pin Description 


PIN 1 COMP--The UCC3802 has a true low output 
impedance error amplifier which both sources and 


sinks current. The error amplifier associated with the 
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UC3842 family is an open collector in parallel with a 
current source. The UCC3802 has power-up soft 
start and fault soft start built on-chip with a fixed 
COMP rise time to 5V in 5ms. Therefore, NO 
EXTERNAL SOFT START CIRCUITRY IS 
REQUIRED saving 1 resistor, 1 capacitor, and 1 
PNP transistor. — 


PIN 2 FB--The UCC3802 featuies a 2 MHz 
bandwidth error amplifier versus 1 MHz on the 
UC3842. Feedback techniques are identical to the 
UC3842 family. Stray capacitance on FB should be 
kept as small as possible, and the lead length as 
short as possible to achieve best stability. 


PIN 3 CS--The UCC3802 current sense is 
significantly different from its predecessor. The 
UC3842 current sense input connects to only the 
PWM comparator. The UCC3802 Current Sense 
input connects to two comparators; the PWM 
comparator and the over-current comparator. 
Internal leading edge blanking masks the first 100ns 
of the current sense signal. This MAY ELIMINATE 
THE NEED FOR AN RC CURRENT SENSE 
FILTER AND PREVENT FALSE TRIGGERING 
due to leading edge noise. Connect CS directly to 
MOSFET source current sense resistor. The gain of 
the current sense amplifier on the UCC3802 family 
is typically 1.65 V/V versus typically 3 V/V with the 
UC3842 family. 


PIN 4 RC--The UCC3802’s oscillator allows for 
operation to 1 MHz versus 500KHz with the UC3842. 


Design Notes 


Both devices make use of an external resistor to set 
the charging current for the capacitor which 
determines the oscillator frequency. For the 
UCC3802 and UCC3804 _ F(Hz) 1 
.5/R(OHMS)C(F). For the UCC3803 and UCC3805 
F(Hz)=1.0/R(OHMS)C(F). The two equations are 
different due to different reference voltages. The 
recommended range of timing resistor values is 
between 20K and 200K; the recommended range of 
timing capacitor values is between 100pF and 
1000pF. The peak to peak amplitude of the oscillator 
waveform is 2.45 Volts versus 1.7 Volts. For best 
performance, keep the timing capacitor lead to GND 
as short as possible. Separate ground traces for the 
timing capacitor and all other pins are 
recommended. The maximum duty cycle for the 
UCC3802/03 is approximately 99%; the maximum 
duty cycle for the UCC3803/04 is approximately 
49%. The duty cycle CANNOT be easily modified by 
adjusting the RT and CT pins, unlike the UC3842A 
family. The maximum duty cycle limit is set by the 
ratio of the external oscillator charging resistor RT 
and the internal oscillator discharge transistor 
on-resistance, like the UC3842. However, maximum 
duty cycle limits less than 90% for the UCC3802/03 


Ce 


wee eens 


DN-42 


and less than 45% for the UCC3804/05 can not 
reliably be set in this manner. 


PIN 5 GND--Both devices same. 


PIN 6 OUT--The output of the UCC3802 is aCMOS 
output versus a Bipolar output on the UC3842. Peak 
output current remains the same +/- 1 Amp. The 
CMOS output provides very smooth rising and falling 
waveforms, with virtually no overshoot or 
undershoot. Additionally, the CMOS output provides 
a low resistance to the supply in response to 
overshoot, and a low resistance to ground in 
response to undershoot. Because of this, 
SCHOTTKY DIODES MAY NOT BE NECESSARY 
on the output. Furthermore, the UCC3802 has a 
self-biasing, active low output during UVLO. This 
feature ELIMINATES THE GATE TO SOURCE 
"BLEEDER’ RESISTOR associated with the 
MOSFET gate drive. Finally, NO MOSFET GATE 
VOLTAGE CLAMP is necessary with the UCC3802 
as the on-chip zener diode automatically clamps the 
output to VCC. 


PIN 7 VCC--The UCC3802 has a lower VCC (supply 
voltage) of 13.5 Volts typical versus 30 Volts on the 
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Figure 1 


Figure 1 illustrates a nonisolated off-line flyback. Dotted components may be eliminated using the 


UCC3802 family. 
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Design Notes 


UC3842. For applications which require a higher 
VCC voltage, a resistor must be placed in series with 
VCC to increase the source impedance. The 
maximum value of this resistor Rmax = 
(VIN(min)-VCC(max))/(ICC + (Qgate)(F)). 
Additionally, the UCC3802 has an on-chip zener 
diode to regulate VCC to 13.5 Volts. The turn-on and 
turn-off thresholds for the UCC3802 family are 
significantly different: 12.5V and 8V for the 
UCC3802 and UCC3804; 4.1 V and 3.6V for the 
UCC3803 and UCC3805. 5 Volt PWM operation is 
now possible. To ensure against noise related 
problems, filter VCC with an electrolytic and bypass 
with a ceramic capacitor to ground. Keep the 
capacitors close to the IC pins. 


PIN 8 REF--The UCC3802 and UCC3804 have a5 
Volt reference. The UCC3803 and UCC3805 have 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054 
TEL. (603) 424-2410 » FAX (603) 424-3460 


DN-42 


a 4 Volt reference; both +/- 1% versus +/- 2% on the 
UC3842 family. The output short circuit current is 
lower...5mA versus 30mA. REF should be bypassed 
to ground with a ceramic capacitor to prevent noise. 
problems. REF can be used as a logic output; as 
when VCC is lower than the UVLO threshold, REF 
is held low. 
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INTEGRATED 
CIRCUITS 


eee UNITRODE 


UNITRODE INTEGRATED CIRCUITS CORP. 


Eastern Area Office 


Effective Date: June, 1993 


7 Continental Boulevard, Merrimack, NH 03054-0399, TEL: (603) 424-2410, FAX: (603) 424-3460 


Central Area Office 


100 Decker Court, Suite 280, Irving, TX 75062, TEL: (214) 650-0008, FAX: (214) 650-1952 


Western Area Office 


2222 Martin Street, Suite 255, Irvine, CA 92715, TEL: (714) 261-1546, FAX: (714) 261-6761 


DOMESTIC REPRESENTATIVES 


ALABAMA 


R.O. Whitesell & Assoc. 
3601 S. Memorial Pkwy. 
Suite B&C 

Huntsville, AL 35801-5321 
TEL: (205) 883-5110 
FAX: (205) 882-9626 


ARIZONA 


Compass Marketing 
11801 Tatum Blvd. 
Suite 101 

Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: (602) 996-0586 


Compass Marketing 

2645 E. Avenida de Pueblo 
Tucson, AZ 85728 

TEL: (602) 577-0580 

FAX: (602) 577-0581 


ARKANSAS 
See Texas - Dallas 


CALIFORNIA - NORTHERN 


I?, Inc. 

3255-1 Scott Bivd., #102 
Santa Clara, CA 95054 
TEL: (408) 988-3400 


FAX: (408) 988-2079 


CALIFORNIA - SOUTHERN 


Centaur Corporation 
18006 Skypark Circle 
Suite 106 

Irvine, CA 92714 
TEL: (714) 261-2123 
FAX: (714) 261-2905 


Centaur Corporation 
23901Calabasas Road 
Suite 1063 

Calabasas, CA 91302 
TEL: (818) 591-1655 
FAX: (818) 591-7479 


Centaur Corporation 
3914 Murphy Canyon Rd. 
Suite 125 

San Diego, CA 92123 
TEL: (619) 278-4950 
FAX: (619) 278-0649 


COLORADO 


Component Sales Corporation 
7600 E. Arapahoe, #211 
Englewood, CO 80112 

TEL: (303) 779-8060 

FAX: (303) 779-8357 


CONNECTICUT 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 

850 N. Main St., Ext. 
Wallingford, CT 06492 
TEL: (203) 284-0838 

FAX: (203) 284-8232 


DELAWARE 
See Pennsylvania-Eastern 


DISTRICT OF COLUMBIA 
See Maryland 


10-3 


FLORIDA 


Photon Sales, Inc. 

1600 Sarno Rd., Suite 21 
Melbourne, FL 32935 
TEL: (407) 259-8999 
FAX: (407) 259-1323 


GEORGIA 


R.O. Whitesell & Assoc. 
3091 Holcomb Bridge Rd. 
Suite N1 

Norcross, GA 30071 

TEL: (404) 449-9190 
FAX: (404) 449-9197 


IDAHO 


Component Sales 
3665 Springfield Ave. 
Meridian, ID 83642 
TEL: (208) 888-3554 
FAX: (208) 888-4181 


ILLINOIS 


Victory Sales 

1030 W. Higgins Rd. - 

Suite 101 

Hoffman Estates, IL 60195 
TEL: (708) 490-0300 

FAX: (708) 490-1499 


INDIANA 


Scott Electronics 

Lima Valley Office Village 
8109 Lima Rd. 

Fort Wayne, IN 46818-2162 
TEL: (219) 489-5690 

FAX: (219) 489-1842 





DOMESTIC REPRESENTATIVES (Continued) 


Scott Electronics 

7321 Shadeland Station 
Suite 256 

Indianapolis, IN 46256-3920 
TEL: (317) 841-0010 

FAX: (317) 841-0107 
IOWA 


See Minnesota 


KANSAS 


Advanced Technical Sales 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: (913) 782-8641 


KENTUCKY 


R.O. Whitesell & Assoc. 
161 Yellow Jacket Drive 
Suite 6,P.0. Box. 828 
Versailles, KY 40383 
TEL: (606) 873-1182 
FAX: (606) 873-1625 


LOUISIANA - 
See Texas - Houston. 


MAINE 
See Massachusetts © 


MARYLAND 


Third Wave Solutions 
8335-H Guilford Rd. 

Columbia, MD 21046 
TEL: (410) 290-5990 
FAX: (410) 381-5846 


MASSACHUSETTS 
Advanced Tech Sales, Inc. 
Park Place West, Suite 102 
348 Park Street j 
North Reading, MA 01864 
TEL: (508) 664-0888 _. 
FAX: (508) 664-5503 


MICHIGAN 


Greiner Associates 
15324 E. Jefferson Ave. 


Gross Pointe Park, Ml 48230 


TEL: (313) 499-0188 
FAX: (313) 499-0665 


MINNESOTA 


Aldridge Associates 

7138 Shady Oak Road 
Eden Prairie, MN 55344 
TEL: (612) 944-8433 | 
FAX: (612) 944-8378 
MISSISSIPPI. 


See Alabama 


MISSOURI 


Advanced Technical Sales 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: (314) 291-7958 


MONTANA 
See Colorado 


NEBRASKA 
See Missouri 


NEVADA - NORTHERN 
See California - Northern 


NEVADA - SOUTHERN 
See Arizona 


NEW HAMPSHIRE 
See Massachusetts — 


NEW JERSEY - NORTHERN: 


ERA, Inc. 

354 Veterans Memorial Highway 
Commack, NY 11725 

TEL: (516) 543-0510 

FAX: (516) 543-0758 

NJ#: (800) 645-5500 


NEW JERSEY - SOUTHERN 
See Pennsylvania - Eastern 


NEW MEXICO 


Compass Marketing 
4100 Osuna Rd., NE 
Suite 109. 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: (505) 345-4848 
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NEW YORK - 
METROPOLITAN 


ERA, Inc. 
354 Veterans Memorial Highway 


~~ Commack, NY 11725 


TEL: (516) 543-0510 
FAX: (516) 543-0758 


NEW YORK - UPSTATE 


Reagan Compar | | 
3301 Country Club Road 
Suite 2211 | 
Endwell, NY 13760 


TEL: (607) 754-2171 


FAX: (607) 754-4270 


NORTH CAROLINA 


R.O. Whitesell & Assoc. 
1920 Highway 54 

Suite 320 

Durham, NC 27713 
TEL: (919) 544-3380 
FAX: (919) 544-3709 


NORTH DAKOTA 
See Minnesota 


OHIO 


R.O. Whitesell & Assoc. 
4133 S. Dixie Avenue 
Dayton, OH 45439 
TEL: (513) 298-9546 
FAX: (513) 298-2586 — 


R. O. Whitesell & Assoc. 
431 Ohio Pike #115S : 
Cincinnati, OH 45255 
TEL: (513) 528-5644 | 
FAX: (513) 528-5662 


R.O. Whitesell & Assoc. 
6000 West Creek Rad, Suite 21 
Cleveland, OH 44131-2139 
TEL: (216) 447-9020 

FAX: (216) 447-0260 


R.O. Whitesell & Assoc. | 
6161 Busch Blvd., Suite 315 
Columbus, OH 43229-2589 
TEL: (614) 888-9396 

FAX: (614) 888-8792 


DOMESTIC REPRESENTATIVES (Continued) 


OKLAHOMA 


Nova Marketing, Inc. 
8125 D East 51st St. 
Suite 1339 

Tulsa, OK 74145 
TEL: (918) 660-5105 
FAX: (918) 665-3815 


OREGON 


Northwest Marketing Assoc. 
6975 S.W. Sandburg Rd. 
Suite 330 

Portland, OR 97223 

TEL: (503) 620-0441 

FAX: (503) 684-2541 


PENNSYLVANIA- EASTERN 


Omni Sales 

1016 Bethlehem Pike 
Erdenheim, PA 19118 
TEL: (215) 233-4600 
FAX: (215) 233-4702 


PENNSYLVANIA -WESTERN 


R.O. Whitesell & Assoc. 
1360 Old Freeport Rd. 
Pittsburgh, PA 15238-3163 
TEL: (412) 963-6161 

FAX: (412) 963-0620 


PUERTO RICO 


Electronic Sales Associates 
Calle 203 GO-11 

Country Club 3rd Ext. 
Carolina, PR 00982 

TEL: (809) 762-6459 

FAX: (809) 757-9170 


RHODE ISLAND 
See Massachusetts 


SOUTH CAROLINA 
See North Carolina 


SOUTH DAKOTA 
See Minnesota 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD.e MERRIMACK, NH 03054 
TEL. (603) 424-2410 « FAX (603) 424-3460 


TENNESSEE 


R.O. Whitesell & Assoc. 
9208 Kingston Pike 
Suite 358 

Knoxville, TN 37922 
TEL: (615) 694-9476 
FAX: (615) 691-9693 


TEXAS 


Nova Marketing, Inc. 

8310 Capital of Texas Highway 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: (512) 343-2487 


Nova Marketing, Inc. 
8350 Meadow Rd., #174 
Dallas, TX 75231 

TEL: (214) 265-4600 
FAX: (214) 265-4668 


Nova Marketing, Inc. 
9207 Country Creek 
Suite 141 

Houston, TX 77036-7711 
TEL: (713) 988-6082 
FAX: (713) 774-1014 


TEXAS - EL PASO ONLY 
See New Mexico 


UTAH 


Salt Lake - CSI, Inc. 
411 West 7200 South 
Suite 301 

Midvale, UT 84047 
TEL: (801) 561-5099 
FAX: (801) 561-6016 


VERMONT 
See Massachusetts 


VIRGINIA 


Third Wave Solutions 
2100 Wisteria Dr. 
Charlottesville, VA 22901 
TEL: (804) 974-7575 
FAX: (804) 974-7480 
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WASHINGTON 


Northwest Marketing Assoc. 
12835 Bellevue-Redmond Rd. 
Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: (206) 451-1130 


WEST VIRGINIA 
See Ohio 


WISCONSIN - EAST 


Victory Sales 

405 N. Calhoun Rd., Suite 208 
Brookfield, WI 53005 

TEL: (414) 789-5770 

FAX: (414) 789-5760 


WISCONSIN - WEST 
See Minnesota 


WYOMING 
See Colorado 


CANADA 


Kaytronics, Ltd. 
5800 Thimens Blvd. 
Ville St. Laurent 
Quebec H4S 1S5 
TEL: (514) 745-5800 
FAX: (514) 745-5858 


Kaytronics, Ltd. 

300 March Rd., Suite 303 
Kanata, Ontario K2K 2E2 
TEL: (613) 564-0080 
FAX: (613) 592-0373 


Kaytronics, Ltd. 

405 Britannia Rd., E #206 
Mississauga, Ontario L4Z 3E6 
TEL: (416) 507-6400 

FAX: (416) 507-6444 


Kaytronics, Ltd. 

102 4585 Canada Way 
Burnaby, BC V5G 4L6 
TEL: (604) 294-2000 
FAX: (604) 294-4585 


Kaytronics, Ltd. 

6815 8th Street, N.E., #179 
Calgary, Alberta T2E 7H7 
TEL: (403) 275-7000 

FAX: (403) 295-0732 





INTEGRATED 
CIRCUITS 


eee UNITRODE Effective Date: June, 1993 


DOMESTIC DISTRIBUTORS 


Unitrode has over 200 distributor branches to serve its customers. For the location of the branch 
nearest you, please contact any of our franchised distributors. 


HALL-MARK ELECTRONICS CORPORATION 
11333 Pagemill Road 

Dallas, TX 75266 

(214) 343-5000 — 


HAMILTON/AVNET 

10950 Washington Boulevard 
Culver City, CA 90232 

(310) 558-2000 — 


FUTURE ELECTRONICS 

237 Hymus Boulevard 

Pointe Claire, Quebec, Canada H9R5C7 
(514) 694-7710 


NU HORIZONS ELECTRONICS CORPORATION 
6000 New Horizons Boulevard 

Amityville, NY 11701 

(516) 226-6000 


ZEUS COMPONENTS, INC. 
100 Midland Avenue 

Port Chester, NY 10573 
(914) 937-7400 


INTEGRATED 
CIRCUITS 


gee UNITRODE Effective Date: June, 1993 


UNITRODE INTERNATIONAL SALES OFFICES 


Corporate International Sales Office 
7 Continental Bivd., P.O. Box 399, Merrimack, NH 03054-0399 TEL: +1-603-424-2410, FAX: +1-603-424-3460 


Unitrode Electronics GmbH 


Haupstrasse 68, 82008 Unterhaching, Germany TEL: +49 (0)89 6190 04/05/06, FAX: +49 (0)89 617984 


Unitrode (UK) Limited 


6 Cresswell Park, Blackheath, London SE3 9RD, England TEL: +44 (0)81 318 1431, FAX: +44 (0)81 318 2549 


Unitrode SRL 


Via Dei Carracci, 5, 20149 Milano, Italy TEL: +39 (0)2 480 07831, FAX: +39 (0)2 480 08014 


Unitrode Ireland Ltd. 


Shannon Industrial Estate, Shannon, County Clare, Ireland TEL: +353 (0)61 472377, FAX: +353 (0)61 472529 
Unitrode Electronics Asia Ltd. 


Suite 939, New World Office Bldg., 24 Salisbury Road, Kowloon, Hong Kong TEL: +852 722 1101, 


FAX: +852 369 7596 


Unitrode Electronics (Singapore) PTE, Ltd. 


55 Ayer Rajah Crescent, Unit #05-17/26 & 06-12/16, Singapore 0513 TEL: +65 779 2777, FAX: +65 779 4395 


International Agents - Distributors 


ARGENTINA 


Reycom Electronica SRL 
Uruguay 362 Peso 8, 


Depto. F, 1015 Buenos Aires 


TEL: +54 (0)1 11 1720 
FAX: +54 (0)1 11 1721 


AUSTRALIA 


Priority Electronics Pty. Ltd. 
Suite 1, 23-25 Melrose St. 
Sandringham, Victoria 3191 
TEL: +61 (0)3 521 0266 
FAX: +61 (0)3 521 0356 


Priority Electronics Pty. Ltd. 


Suite 2, 25 Chard Road 
P.O. Box 560 
Brookvale, NSW 2100 
TEL: +61 (0)2 905 6024 
FAX: +61 (0)2 939 6348 


AUSTRIA 


CODICO GmbH & Co. KG ~ 


Muhlgasse 86 88 
A-2380 Perchtoldsdorf 
TEL: 0222-862428 
FAX: 0222-863257 


BELGIUM 
REPRESENTATIVE 


Indel 7 
Postbox 1092 

2340 BB Oegstgeest 
The Netherlands 

TEL: 31 (0) 71 170248 
FAX: 31 (0) 71 156599 


DISTRIBUTORS 


Koning en Hartman 
P.O. 125 

2600 AC Delft 

The Netherlands 

TEL: +31 (0)15 609906 
TEL: +31 (0)15 619194 


Sonetech NV Belgium 
Limburg Stirumlaan 243 
1780 Wemmel 

TEL: +32 (0)2 460 0707 
FAX: +32 (0)2 460 1200 


BRAZIL 


Hi Tech Commercial and 
Industrial Ltda. 


Av. Eng. Luiz Carlos Berrini, 


801, Cj. 121 

Cidade Moncors 

Sao Paulo 04 571 

TEL: +55 (0)11 542 9833 

FAX: +55 (0)11 240 2650 
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ETEK Electronics Corp. 
6353 West Rogers Circle 
Suite 3 

Boca Raton, FL 33487, USA 
TEL: +1-407-997-6277 

FAX: +1-407-997-5467 


DENMARK 
REPRESENTATIVE 


Repretech Scandinavia AB 
Fagardal, 197 93 Bro Sweden 
TEL: +46 (0)8 582 431 25 
FAX: +46 (0)8 582 433 58 


DISTRIBUTOR 


Techpartner A/S 
Sylbaekvej 33 

DK-8230 Aabyhoj 

TEL: +45 (0)8 625 0055 
FAX: +45 (0)8 625 2855 


EASTERN EUROPE 


Unitrode Electronics GmbH 
Hauptstrasse 68, 82008 
Unterhaching, Germany 
TEL:+49 (0)89 619 004-006 
FAX: +49 (0)89 617984 





INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 


ATR Microsystems Gmbh 
Wickenburggasse 12 
8010 Graz, Austria 

TEL: +43 (0)316 60920 
FAX: +43 (0)316 609299 


Plamen Fillev B.Sc.Eng. (Asc) 
P.O. Box 140 ; 

Sofia 1618, Bulgaria 
TEL/FAX: 359 (0)2 525 537 


Macro Weil Spol s.r.o. 
Bechynova 3 

160-00 Praha 6, Czech Republic 
TEL: +42 (0) 2311 2182 

FAX: +42 (0) 2311 3454 


Macro Zilina 
Vysokoskolakov 6 
010-01 Zilina, Slovak 
TEL: +42 (0)8 934 181 
FAX: +42 (0)8 934109 


Macro Information and Service 
Office 

H-1016 Budapest, Hungary 
Szamado U.15 FSZ.3 

TEL: +36 (0)1 186 8033 

FAX: +36 (0)1 185-2318 


Macropol Co. Ltd. 

03-301 Warszawa 

UL Jagiellonska 80, Poland 
TEL/FAX: +48 (0)22 112 933 


FINLAND | 
REPRESENTATIVE 


Repretech Scandinavia AB 
Fagardal, 197 93Bro Sweden 
TEL: +46 (0)8 582 43125 
FAX: +46 (0)8 582 433 58 ~ 


DISTRIBUTOR 


_ Yleiselektroniikka OY 
PL63, 02201 Espoo 

TEL: +3580452621 
FAX: +358 0 4526 2231 © 


FRANCE 
REPRESENTATIVE 


Unirep 

Zone Industrielle de la Bonde 
1 bis, Rue Marcel Paul 
Batiment B 

91300 Massy 

TEL: +33 1 69 20 03 64 

FAX: +33 1 69 20 00 61 


DISTRIBUTORS 


Syscom Electronique 
Europarc 

Parc Activities Technologiques 
65, Rue Auguste Perret 

94042 Creteil Cedex 

TEL: +33 (1) 43 77 84 88 

FAX: +33 (1) 43 77 53 49 
TELEX: 262566 


Syscom Electronique 
Agence RHONE-ALPES 
10-12, Rue Ste. 
Anne-de-Baraban 

69006 Lyon 

TEL: +33 (16) 72 33 71 22 
FAX: +33 (16) 78 53 66 06 


C.C.. 

Zone Industrielle 

5, Rue Marcel Berthelot 
92160 Antony Cedex 
TEL: +33 (1) 46 74 47 00 
FAX: +33 (1) 42 37 24 30 
TELEX: 203881 


C.C.I. 

67, Rue Bataille 

69008 Lyon 

TEL: +33 (16) 78 74 44 56 
FAX: +33 (16) 78 76 08 91 
TELEX: 375456 


GERMANY 


Unitrode Electronics GmbH 
Hauptstrasse 68 

82008 Unterhaching 

TEL: +49 (0)89 6190 04/05/06 
FAX: +49 (0)89 617984 


REPRESENTATIVE — 


HY-LINE Power Components 
Inselkammerstrasse 10 
Postfach 1222 

82008 Unterhaching 

TEL: +49 (0)89 614 9010 
FAX: +49 (0)89 614 0960 


HY-LINE Power Components 
Oedenbergerstrasse 154 
90491 Nurnberg 

TEL: +49 (0)911 593654 
FAX: +49 (0)911 591256 
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DISTRIBUTORS 


Protec GmbH 

Laurinweg 1 

85521 Ottobrunn 

TEL: +49 (0)89 609 7001 
FAX: +49 (0)89 609 8170 


Metronik GmbH 
Leonhardsweg 2 

82008 Unterhaching 

TEL: +49 (0)89 611 080 
FAX: +49 (0)89 611 6468 
Metronik GmbH 
Siemensstrasse 4-6 
68542 Heddesheim 

TEL: +49 (0)62 03 4701 


_ FAX: +49 (0)62 04 45543 


Metronik GmbH 
Lowenstrasse 37 

70597 Stuttgart 70 

TEL: +49 (0)711 764033 
FAX: +49 (0)711 765 5181 


Metronik GmbH 

Zum Lonnenhohl 13 
44319 Dortmund 13 i 
TEL: +49 (0)231 217041 
FAX: +49 (0)231 210799 


Metronik GmbH 
Gottlieb-Daimler-Strasse 7 
24568 Kaltenkirchen 

TEL: +49 (0)41 914206 
FAX: +49 (0)41 914428 


Metronik GmbH 

Liessauer Pfad 17 

13503 Berlin (Heiligensee) 
TEL: +49 (0)30 436 1219 
FAX: +49 (0)30 431 5956 © 


Metronik GmbH 
Grenzstrasse 26 

06112 Halle 

TEL: +49 (0)345 823350 
FAX: +49 (0)345 823346 


Metronik GmbH 
Pilotystr. 27/29 

90408 Nurnberg 

TEL: +49 (0)911 363 536 
FAX: +49 (0)911 353 986 


GREECE 


Ledar | | 

Yani Suvermezoglu & Co. 

9, L. Koromila St. 

GR117 45 N. Kosmos - Athens 

TEL:(1) 9219405/9242835/ 
9220429 

FAX: (1) 9239698 


INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 


INDIA 
REPRESENTATIVE 


Syratron Marketing PVT LTD 
203, Copper Arch, 
83, Infantry Road, 
Bangalore-560 001 
TEL: +91 (0)80 591107 

+91 (0)80 591031 
FAX: +91 (0)80 569056 
TLX: 0845-2997 NWLD IN. 


IRELAND 
REPRESENTATIVE 


NETS (New England Technical 
Sales) 

The Diamond 

Malahide, County Dublin 

TEL: +353 (0)1 845 0635 

FAX: +353 (0)1 845 3625 


NETS (New England Technical 
Sales) 

5 Dalton Drive 

Salthill, Galway 

TEL: +353 (0)91 25899 

FAX: +353 (0)91 24885 


DISTRIBUTOR 

Lyco 

Estuary House 

New Street 

Malahide, County Dublin 
TEL: +353 (0)1 845 2020 
FAX: +353 (0)1 845 1741 


ISRAEL 
REPRESENTATIVE 


STG International Ltd. 

7, Derech Hashalom 
Tel-Aviv 67892 

TEL: +972 (0)3 696 5231 
FAX: +972 (0)3 696 5141 


ITALY 


Unitrode Srl 

Via Dei Carraci, 5 

20149 Milano 

TEL: +39 (0)2 480 07831 
FAX: +39 (0)2 480 08014 


REPRESENTATIVE 


Dimac Elettronica Srl 

Via Papa Giovanni XXill, 25 
20046 Biassono (Ml) 

TEL: +39 (0)39 491 445 
FAX: +39 (0)39 491 773 


DISTRIBUTORS 


Eurelettronica Spa 

Via E. Fermi, 8 

20090 Assago (MI) 
TEL:+39 (0)2 457 841 
FAX:+39 (0)2 488 34202 


Fanton Bologna Sr 

Via O. Simoni, 5 

40011 Anzola Dell’Emilia (BO) 
TEL:+39 (0)51 734 700 
FAX:+39 (0)51 732 216 
TELEX: 216613 FANTONB | 


Fanton Firenze Sr 

Via Francesco Baracca,183 
50127 Firenze 

TEL: +39 (0)55 422 3897 
FAX: +39 (0)55 4223898 


Fanton Milano Srl 

Via Melegnano, 20 

20019 Settimo Milanese (MI) 
TEL: +39 (0)2 489 12963 
FAX: +39 (0)2 489 13902 
TELEX: 350853 FAN MI 


Fanton Electronic System Srl 
Via Savelli, 1 

35129 Padova 

TEL: +39 (0)49 775 822 
FAX: +39 (0)49 807 0521 
TELEX: 430192 FANTON | 


Fanton Torino Sri 

Via Cimabue, 5 

10137 Torino 

TEL: +39 (0)11 309 7347 
FAX: +39 (0)11 311 5069 
TELEX: 224129 FANTON | 


Fanton Roma Srl 

Via Rezzato, 118/122 
00166 Roma 

TEL: +39 (0)6 309 7008 
FAX: +39 (0)6 309 6736 


JAPAN 


Internix Inc. 

Shinjuku Hamada Bldg. 7-4-7 
Nishi-Shinjuku 

Shinjuku-Ku 

Tokyo 160 

TEL: +81 (0)33 369 1105 
FAX: +81 (0)33 366 8566 


Jepico Corporation 
Shinjuku Dai-ichi/Seimei Bldg. 
Nishi-Shinjuku 2-7-1 
Shinjuku-Ku 
Tokyo 163 
TEL: +81 (0)33 348 0611 
FAX: +81 (0)33 348 0623 
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Kanematsu Semiconductor Corp. 
Kyobashi Dai 5 

Nagaoka Bldg. 

1-6-1, Shintomi 1-chome 
Chuo-ku 

Tokyo 104 

TEL: +81 (0)33 551 7791 

FAX: +81 (0)33 552 6096 


KOREA R.O.K. 


MS International Corp. 
CPO Box 6780 

Room 1205 Haechun Bldg. 
831 Yucksam-dong 
Kangnam-Ku, Seoul 

TEL: +82 (0)2 553 0901 
FAX: +82 (0)2 553 0046 


NETHERLANDS 
REPRESENTATIVE 


Indel 

P.O. Box 1092 

2340 BB Oegstegeest 
TEL: +31 (0) 71 170248 
FAX: +31 (0) 71 156599 


DISTRIBUTOR 


Koning en Hartman 
P.O. Box 125 

2600 AC Delft 

TEL: +31 (0)15 609906 
FAX: +31 (0)15 619194 


NEW ZEALAND 


V.S.1. Electronics (NZ) Ltd. 
Private Bag 

Newmarket 

Auckland 

TEL: +64 (0)9 579 6603 
FAX: +64 (0)9 525 0283 


NORWAY 
REPRESENTATIVE 


Repretech Scandanavia AB 
Fagardal, 197 93 Bro Sweden 
TEL: +46 (0)8 582 431 25 
FAX: +46 (0)8 582 433 58 


DISTRIBUTOR 


Hans H. Schive A/S 
Undelstadlia 27 

P.O. Box 185 | 
N-1371 Asker - 

TEL: +47 (0)2 900900 
FAX: +47 (0)2 904484 








INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 


SINGAPORE 


Unitrode Electronics (Singapore) 
PTE, Ltd. — | 

55 Ayer Rajah Crescent | 

Unit # 05-17/26 & 06-12/16. 
Singapore 0513 

TEL: +65 779 2777 

FAX: +65 779 4395 


DISTRIBUTORS 


Hamilton Electronics Pte. Ltd. 
No. 9 Howard Road 

Tat Hong Industrial Bldg. 

(5th Floor) 

Singapore 1336 

TEL: +65 283 7828/7919 © 
FAX: +65 283 7929 

TELEX: RS34822 HAMIL 


Desner Electronics (FE) Pte. Ltd. 


42 Maetaggart Road 
#04-01 Maetaggart Bldg. 
Singapore 1336 

TEL: +65 285 1566 
FAX: +65 284 9466 
TELEX: RS39191 DTD 


SOUTH AFRICA 


Electrolink (Pty) Ltd. 

P.O. Box 1020 — 
Capetown 

8000 

TEL: +27 (0)21 215350 
FAX: +27 (0)21 419 6256 


SPAIN 


Monolitic S.A. 

Avenida Hospital Militar 78-80 
Entlo 

08023 Barcelona 

TEL: +34 (0)3 2194 154/016 
FAX: +34 (0)3 284 1193 . 
TELEX: 08026 


SWEDEN 
REPRESENTATIVE 


Repretech Scandinavia AB 
Fagardal, 197 93 Bro 

TEL: +46 (0)8 582 431 25 © 
FAX: +46 (0)8 582 433 58 


DISTRIBUTORS 


NC Nordcomp Sweden AB 
P.O. Box 4115 
Hemvarnsgatan 13 

TEL: +46 (0)8 764 6710 
FAX: +46 (0)8 764 4730 


SWITZERLAND 


Elkom AG 
Durisolstrasse 12 

5612 Villmergen. 

TEL: +41. (0)57 211145 
FAX: +41 (0)57 229658 


TAIWAN 


Tai Full Technologies Corp. 
4th Floor, No. 130 

Nan King E. Road, Sec. 4 
Taipei ROC 

TEL: +886 (0)2 731 0842 
FAX: +886 (0)2 771 8664 


DISTRIBUTOR 

Wanroc, Inc 

8 Alley 40 Lane 629 

Nei Hu Rd. 

Section 1 

1/Floor 

Taipei 

TEL: +886 (0)2 627 9725 
FAX: +886 (0)2 799 5948 


THAILAND 


Choakchai Electronic Supplies 
Ltd., Part. 

No. 128/21-24 Thanon Atsadang 
Bangkok 10200 | 

TEL: +66 (0)2 222 3921 

FAX: +66 (0)2 224 7639 


TURKEY 


Inter 

Inter Muhendislik Danismanlik 
ve Ticaret A.S. 

Hasircibasi Caddesi nr 55 
81310 Kadikoy - Istanbul 
TEL: (1) 3499400 

FAX: (1) 3499430/3499434 


UNITED KINGDOM 


Unitrode (UK) Limited 

6 Cresswell Park 
Blackheath, 

London SE3 9RD 
England 

TEL: +44 (0)81 318 1431 
FAX: +44 (0)81 318 2549 
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REPRESENTATIVES 
SOUTH/WEST 


Albur Electronics | 

2 Keats Way 

Yateley, Camberley 
Surrey GU17 7YN 
England ) 

TEL: +44 (0)25 287 1882 
FAX: +44 (0)25 286 1015 


MIDLANDS/NORTH 


EC&E | 

22 Honeyborne Road 
Sutton Coldfield | 
West Midlands B75 6BT 
England 

TEL: +44 (0)21 378 1128 
FAX: +44 (0)21 311 1426 


EAST 


Milifield 

Little Chesterford © 
Saffron Walden 

Essex CB10 1UD - 
England 

TEL: +44 (0)79 9530434 
FAX: +44 (0)79 9531119 


SCOTLAND 


NETS (New England Technical 
Sales) 

84 Hamilton Road 

Motherwell 

ML1 3BY 

Scotland 

TEL: +44 (0)69 826 5500 © 
FAX: +44 (0)69 826 5511 


DISTRIBUTORS 


Bytech Components Ltd. 
12A Cedarwood 
Chineham Business Park 
Basingstoke 

Hampshire RG24 OWD 
England 

TEL: +44 (0) 256707107 
FAX: +44 (0) 256707162 


Macro Marketing 
Burnham Lane 

Slough SL1 6LN 
England 

TEL: +44 (0) 628604383 
FAX: +44 (0) 628666873 


INTERNATIONAL AGENTS - DISTRIBUTORS (Continued) 


Solid State Supplies Ltd. 
Unit 2 Eastlands Lane 
Paddock Wood 

Kent TN12 6BU 

TEL: +44 (0) 892 836 836 
FAX: +44 (0) 892 837 837 


DIE ONLY 


Di-Tech 

Corbrook Road 
Chadderton 

Oldham 

OL9 9SD 

England 

TEL: +44 (0)61 626 3827 
FAX: +44 (0)61 627 2341 


UNITRODE INTEGRATED CIRCUITS 
7 CONTINENTAL BLVD.e MERRIMACK, NH 03054 
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Request for Additional Services 


“NAME = —,—.. ..———_ «FET LE/DEPT. 
“COMPANY  .~—.........._._ MAIL STOP 
STREET ADDRESS 
CITY STATE ZIP 


PHONE NUMBER ( ) = 


LITERATURE: Please send information on the following: 
Power Supply Control Products 


Motor Control Products 

Drivers, Switches, Interface Products 
Additional Copy of this Data Book 
Other 


OOddda 


OTHER 


(J | would like to have an applications Engineer contact me concerning 


Please mail to the Advertising Manager at the following address : 


Unitrode Integrated Circuits Corp. 
7 Continental Blvd. 
Merrimack, NH 03054-9917 
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#1C 850 7 Continental Boulevard, Merrimack, NH 03054 
Telephone: (603) 424-2410 FAX: (603) 424-3460 





